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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0001] The present invention relates to a process for 
manufacturing a semiconductor substrate as well as a 
semiconductor thin film. More particularly, it relates to 
processes for manufacturing a semiconductor substrate 
which has a single-crystal semiconductor layer on an 
insulator layer, and a single-crystal compound semicon- 
ductor which overlies a Si (silicon) substrate. Further, it 
relates to a multilayer structure suitable for an electron 
device or an integrated circuit which is to be produced 
in a single-crystal semiconductor layer, and a process 
for manufacturing the multilayer structure. 

Related Background Art 

[0002] The formation of a single-crystal Si semicon- 
ductor layer on an insulator has been extensively known 
as "silicon on insulator (SOI) n technology. Since devices 
utilizing the SOI technology have numerous advantages 
unattainable with conventional bulk Si substrates for 
producing Si integrated circuits (ICs), many researches 
have been made. More specifically, the utilization of the 
SOI technology brings forth such advantages as follows: 

(1) Dielectric isolation is easy enough to heighten 
the density of integration. 

(2) A resistance against radiation is excellent. 

(3) A stray capacitance can be lowered to achieve 
a higher operating speed. 

(4) The steps of forming wells can be dispensed 
with. 

(5) The device can be prevented from latching up 

(6) A fully depleted FET (field-effect transistor) can 
be produced owing to thinned films. 

(These features are detailed in, for example, Special Is- 
sue: "Single-crystal silicon on non-single-crystal insula- 
tors" edited by G. W. Cullen, Journal of Crystal Growth, 
volume 63, no. 3, pp. 429-590 (1983).) 
[0003] Further in recent several years, SOI has been 
reported in a large number of papers as a substrate 
which realizes the higher operating speed and lower 
power dissipation of a MOSFET (Metal-Oxide-Semicon- 
ductor FET) (IEEE SOI Conference 1994). 
[0004] Besides, with an SOI structure wherein a sup- 
porting substrate is overlaid with an SOI layer through 
an insulator layer, the insulator layer comes to exist un- 
der circuit elements, and hence, an clement isolating 
process can be simplified as compared with that in the 
case of forming elements on a bulk Si wafer. As a result, 
a process for producing a device which employs the SOI 
structure is shortened. 

[0005] That is, a MOSFET or an I C which is produced 
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on the SOI is expected of, conjointly with enhancement 
in performance, curtailment in a wafer cost and a proc- 
ess cost in total as compared with that which is produced 
on bulk Si. 

5 [0006] Among all such devices, the fully depleted (FD) 
MOSFET is expected to heighten its operating speed 
and lower its power dissipation owing to an enhanced 
driving force. In general, the threshold voltage (V lh ) of a 
MOSFET is determined by the impurity concentration of 

10 the channel thereof. In the case of the FD MOSFET em- 
ploying the SOI, however, the thickness of the depletion 
layer thereof is also affected by the film thickness and 
film quality of the SOI. 

[0007] Accordingly, uniformity in the thickness of an 
15 SOI film and enhancement in the quality of the SOI film 
have been eagerly desired for producing a large-scale 
integrated circuit (LSI) at a good available percentage. 
[0008] Researches on the formation of SOI sub- 
strates have been vigorous since the 1970's. Earnestly 
20 studied at the early stage were a process (SOS: Silicon 
on Sapphire) wherein single-crystal Si is hetero-epitax- 
ially grown on a sapphire substrate being an insulator, 
a process (FIPOS: Full Isolation by Porous Oxidized Sil- 
icon) wherein an SOI structure is formed by dielectric 
25 isolation based on the oxidation of porous Si, and oxy- 
gen ion implantation. 

[0009] Apart from the processes for forming the SOI 
substrates as mentioned above, processes for forming 
SOI substrates as are called 'bonding or adhesion tech- 

30 niques" have been being established in recent years. 
[0010] One of the bonding techniques is stated by M. 
Bruel in "Electronics Letters, 31 (1995), p. 1201", the 
official gazette of Japanese Patent Application Laid- 
open No. 5-211128, and U. S. Patent No. 5,374,564. 

35 [0011] This bonding technique is a process termed 
"Smart Cut Process" (registered trademark), which con- 
sists chiefly of five steps and which will be explained 
below in conjunction with the drawings. 
[0012] (First Step) A first silicon substrate (bulk wafer) 

-to 41 having an oxide film 43 on its surface is prepared as 
shown in Fig. 24. 

[0013] (Second Step) The first silicon substrate 41 is 
implanted with hydrogen ions from the side of the oxide 
film 43 (Fig. 25). The hydrogen ions are implanted down 

•*5 to a desired depth at which the substrate 41 is to be 
separated by the later step. A layer 44 of minute gase- 
ous bubbles called "microbubbles" or "mic rob listers" is 
formed in a region implanted with the hydrogen ions. 
[0014] (Third Step) The resulting first silicon substrate 

50 41 and a second substrate 46 to become a supporting 
substrate are bonded to each other so that the oxide film 
43 may lie inside (Fig. 26). 

[0015] (Fourth Stop) After the bonding, the resulting 
structure is heat-treated at low temperatures of 400°C 
55 to 600°C or so. Then, as shown in Fig. 27, the first sub- 
strate 41 having been bonded on the second substrate 
46 is separated or divided with the boundary at the 
minute bubble layer 44 More specifically, the heat treat - 
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ment rearranges the crystals of the minute bubble layer 
44 and also causes the microbubbles to coalesce, 
whereby gaseous macrobubbles are produced. Pres- 
sures within the macrobubbles act to highly stress the 
minute bubble region and the vicinity thereof. Conse- 
quently, the substrate 41 is separated at the bubble layer 
44.. 

[0016] (Fifth Step) Thereafter, the resulting structure 
which includes the supporting substrate 46 is heat-treat- 
ed at high temperatures in order to stabilize the interface 
of the bonding and to heighten the strength thereof. Sub- 
sequently, the minute bubble layer 44 which remains on 
an SOI layer 42 as shown in Fig. 27 is polished away as 
shown in Fig. 28. 

[0017] Via the above steps, the first silicon substrate 
(bulk wafer) is partly transferred onto the second sub- 
strate, and the SOI substrate can be obtained. 
[0018] In the case where the SOI layer is formed by 
utilizing the implantation with the ions of hydrogen or the 
like as slated above, the ion-implanled region substan- 
tially determines the thickness of the SOI layer. It is 
therefore important how the desired implantation region 
(thickness of the SOI layer) is defined at a high control- 
lability. 

[001 9] Besides, since the SOI layer itself is formed on 
the basis of the bulk wafer, it involves defects or flaws 
peculiar to the bulk wafer, such as OSFs (Oxidation In- 
duced Stacking Faults). COPs (Crystal Originated Par- 
ticles) and FPDs (Flow Pattern Defects) 
[0020] ... Herein, the defects of the OSFs etc. form caus- 
es for increasing a leakage current when they exist in 
an element operation region near the surface of the wa- 
fer. It has therefore been desired to establish a process 
for manufacturing an SOI substrate which is free from 
the OSFs etc. or in which the OSFs etc. are less. 
[0021] By the way the OSFs and COPs (Hidekazu 
Yamamoto: "Problems of Large-diameter Silicon Wafer 
tobe Solved", 23rd Ultraclean Technology College (Aug. 
1996)) and the FPDs (T Abe: Extended Abst. Electro- 
chem. Soc, Spring Meeting, vol. 95-1, p. 596 (May, 
1995)) will be explained later. 

SUMMARY OF THE INVENTION 

[0022] An object of the present invention is to provide 
a process for manufacturing a semiconductor thin film 
in which the number of defects may be made smaller 
and whose thickness may be highly uniform. 
[0023] Another object of the present invention is to 
provide a process for manufacturing an SOI substrate 
in which the thickness of an SOI layer may be highly 
uniform. 

[0024] Another object of the present invention is to 
provide a process for manufacturing a semiconductor 
thin film which may be free from defects peculiar to a 
bulk silicon wafer, such as OSFs, COPs and FPDs, or 
in which they are less. 

[0025] Still another object of the present invention is 



to provide a process for manufacturing an SOI substrate 
which is made more economical by reusing a substrate 
material in the manufacture of the SOI substrate based 
on a bonding technique. 

5 [0026] By the way, in the present invention, the ex- 
pression "SOI substrate" shall cover, not only a sub- 
strate which has a single-crystal silicon layer (SOI layer) 
on an insulator layer, but also a substrate which has a 
compound semiconductor layer of GaAs, InP or the like 

io on a supporting substrate. 

[0027] The process of the present invention for man- 
ufacturing a semiconductor substrate is characterized 
by comprising the step of preparing a first substrate 
which has a surface layer portion subjected to hydrogen 

15 annealing; the separation-layer formation step of im- 
planting ions of at least one element selected from the 
group consisting of hydrogen, nitrogen and rare gases, 
into said first substrate from a side nearer to said surface 
layer portion, thereby to form a separation layer; the 

20 bonding step of bonding said first substrate and a sec- 
ond substrate to each other so that said surface layer 
portion may lie inside, thereby to form a multilayer struc- 
ture; and the transfer step of separating said multilayer 
structure by utilizing said separation layer, thereby to 

25 transfer at least part of said surface layer portion onto 
said second substrate. 

[0028] The process of the present invention for man- 
ufacturing a semiconductor substrate is also character- 
ized in that, in said surface layer portion of said first sub- 
30 strate transferred on said second substrate, the number 
of COPs per unit wafer decreases with a depth of said 
surface layer portion as measured from an outside sur- 
face thereof. 

[0029] The process of the present invention for man- 

35 ufacturing a semiconductor substrate is further charac- 
terized by the step of heat-treating said surface layer 
portion of said first substrate transferred on said second 
substrate, in a reducing atmosphere containing hydro- 
gen, after said transfer step. 

40 [0030] In another aspect of performance, the process 
of the present invention for manufacturing a semicon-. 
ductor substrate is characterized by comprising the step 
of preparing a first silicon substrate which has a surface 
layer portion subjected to hydrogen annealing; the sep- 

•*s aration-layer formation step of implanting ions of at least 
one element selected from the group consisting of hy- 
drogen, nitrogen and rare gases, into said first silicon 
substrate from a side nearer to said surface layer por- 
tion, thereby to form a separation layer; the step of bond- 

50 ing said first substrate and a second substrate to each 
other, thereby to form a multilayer structure; the step of 
heat-treating the first and second substrates at a first 
temperature while said multilayer structure is being 
formed or after said multilayer structure has been 

55 formed: the transfer step of separating said multilayer 
structure at said separation layer, thereby to transfer at 
least part of said surface layer portion onto said second 
substrate; and the step of heat-treating said surface lay- 
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or portion transferred on said second substrate, at a sec- 
ond heat -treating temperature which is higher than the 
first hcaMreatng temperature 

(0031 ) In addition the process of the present inven- 
tion tor manulactunnq a semiconductor thin film is char- 5 
acten/cd by comorisinq the s:cp of preparing a first sil- 
icon substrate which has a surface lnyc portion sub|ect- 

ed tc hydrogen annealing the separation -layer forma- 
tion step of implanting ions of at feast one clement se- 
lected from tho group consisting oi hydrogen nitrogen io 
and rare gases <nlo said first siicon substrate from a 
side nearer to said surface layer porton thereby to form 
a separation layer and the separation s'cp of separating 
a! least part o' said surface layer portion at said sepa- 
ration layer '5 

(0032) furthermore the process of tro prcsen* inven- 
tion *o' manutaciur nq a semiconductor substrate is 
Cf aractcn/ed Dy comprising the step ct hoat trcatmq a 
silicon substrate in a reducing atmosphere wticn con 

tain f yUioq-jn tho separation- layer I jf rruiliur \ 5»1o:j o m- »C 
planting nj*ib ut at kiabt one old Merit >t*k;.k.*J ttutn ttto 
group consist^q o! hydrogen nitrooen *nd r^c q^sc* 
m o srnc siicon substrate from a side nea»*>r to v*<3 so* 
face liycr portion thereby to fem a scpi^u<r Lrvc. 
the bonding c.icp ot bonding Sind osteon iufcK,tr*tic .trxi 
a socond cubslra'o to Oach othor thorooy to fo*rn H mo* 
ttUycr structure nnd the transfer step & wrp^ ^^q 
murtiayor structure h! saiC SCpa'atiDn lay?' rN?*etv 
trnn<;1f»r m1 tr»^M n*-*n of Said surlarr* Lry^r pr*a*r- »>» 
s^id socond substrnle - v 
(0033] A muttilayc st'UCturc according tc the pfuwx! 
in/erton is a mu titayer structure wnerem * hrs? v*U'On 
stbs'ratc and a second substrate arc bonded tt: oarh 
oner the first siii:on substrate includmq fx>»e«^ * vot 
aration layer when has been formed by mp**nirvj J-< 
of at east cne clement selected from tre crouc loo^i 
tnq o' hydrogen nitrogen and rare gases cha*acit>* /cd 
in that s^iid first silicon substrate induces m ts vufaco 
a surtaCC layer portion which has been tormcxi t>> n> 
drOQCn rtnrcrt mc 

{0034] The process cf tho present mvonioi to pe«N 
inq ofl h semconductor thin film is cha ac e<./oo b, 
comprisnq the step o' preparing a silicon sur>*»iTaio 
which includes in rts suraco a surtace layer pc*w-jr^ Vvjr 
jec ted l C hydrcgen annealing the Step ot rnpir«ntrv;j «. in 3 
of at -cast cne element selected from trc crouf: i o**wM 
inq of hydrogen nitrogen and rare gases Uon ^ 
noaioi I J ^a«J surface ayei porlicx Ihoiotiy « 
sopa atKjn layei aridttio i>tup of uuettri-j o*1 a' j>nrt 
of sad surface layer portion by utili/inc said sep^'^ijon $o 
layer 

(0035] A number of embodiments of the mvcn*or +n\\ 
now dc described by way of example only with rctci 
once to tho accompanying drawings in which 

Fig 1 is a flow chart showing an example o» n p#oc 
ess for manufacturing a semiconductor &utoMr*-o m 
accordance with an embodiment ot the pmsnnt m- 



vention; 

Figs. 2, 3, 4, 5 and 6 are schematic sectional views 
showing an example of a process for manufacturing 
a semiconductor substrate in accordance with an 
embodiment of the present invention; 
Figs. 7, 8, 9, 10 and 11 are schematic sectional 
views showing another example of a process for 
manufacturing a semiconductor substrate in ac- 
cordance with an embodiment of the present inven- 
tion; 

Figs. 12, 13 and 14 are schematic sectional views 
showing still another example of a process for man- 
ufacturing a semiconductor substrate in accord- 
ance with an embodiment of the present invention; 
Fig. 15 is a schematic sectional view showing a sit- 
uation where hydrogen annealing is carried out by 
the use of a vertical type batch furnace for heat- 
treating wafers, in an embodiment of the present in- 
vention; 

Fig 1 6 is a graph showing the temperature-depend- 
encies of etching rates dependent upon the mate- 
rials of surfaces opposing to substrates, in an em- 
bodiment of the present invention; 
Fig 17 is a graph showing the quantities of etching 
by hydrogen annealing in the cases where silicon 
and silicon dioxide oppose, in an embodiment of the 
present invention; 

Fig 18 is a graph showing the number of silicon at- 
oms removed by hydrogen annealing in the cases 
where silicon and silicon dioxide oppose, in an em- 
bodiment of the present invention; 
Fig. 19 is a schematic sectional view showing an 
example of arrangement in the case where the ma- 
terial of an opposing surface is oxidized silicon, in 
an embodiment of the present invention; 
Figs. 20 and 21 are schematic sectional views for 
explaining an operational effect based on an etch- 
ing method in an embodiment of the present inven- 
tion 

Fig 22 is a schematic sectional view showing the 
arrangement of semiconductor substrates within a 
vertical type furnace, in an embodiment of the 
present invention; 

Fig. 23 is a graph showing the relationships be- 
tween a depth from a water surface and the number 
ot COPs per unit wafer; 

Figs 24, 25, 26, 27 and 28 are schematic sectional 
vtows showing a prior-art process for manufacturing 
an SOI substrate; and 

Figs 29, 30 and 31 are schematic sectional views 
showing an example of a process for manufacturing 
an SOI substrate. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0036] First, an embodiment of the present invention 
will be fundamentally described with reference to Fig. 1 
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which illustrates the flow chart of a process for manu- 
facturing a semiconductor substrate 
[0037] A first substrate is prepared which has a sur- 
face layer portion subjected to hydrogen annealing, in 
at least one principal surface thereof (step S1). 
[0038] Subsequently, the ions of hydrogen or the like 
are implanted into the first substrate, thereby to form a 
separation layer at a predetermined position within the 
first substrate (step S2) 

[0039] Besides, the first substrate and a second sub- 
strate are bonded to each other so that the.principal sur- 
face may lie inside, thereby to form a multilayer structure 
(step S3). Thereafter tne multilayer structure is sepa- 
rated by utilizing the separation layer (step S4). 
[0040] The SOI suost-ate havirg a thn him (SOI layer) 
whose thickness is uniiorm and in wnich delects such 
as OSFs and COPs arc m a very small number, can be 
manufactured via the above steps Si tc S- and a finish- 
ing step S5. 

[0041] Next, an embod»r-*»nt o/ ir>e presoni invention 
will be concietely do^c»it>oO wntn letetetice tc Figs. 2 to 
G 

[0042] A first substrac '0 a suriace layer 

portion 1 2 subjected to hycr oqo^ ;»meaim } m one prin- 
cipal surface thereof i& pepurcd ao shewn m Fig. 2. 
The suriaco layer portion IT c-*n bo t<xmod *n such a 
wny that a bulk wafer scrv^Q **> * voo3 r>o*l -treated 
in a reducing atmcspnore wti«:r\ co^nr** hydrogen 
(horoinholow the hr>ai irMmoni rw^ lorrrvxi "hy- 

drogen annoaiing") Tho n«pf<*s5-»or *s iM^ro in>or por- 
tion" in the present invent en »s men rjijd to moan a layer 
(less -defective layer) m wt »ct detect:, rtscnotbic tc the 
bulk wa:cr such as OS^s COPs nrxJ f'PDs arc less- 
ened or decreased in numccf .r>e* c»nbc*o* tnc 'surface 
layer portion" shatl be ntso expressed mc "toss-de- 
fectrve layer" ) 

[0043] Numeral 11 des«G/wes <* 'eaon wr>?re the ef- 
fect of decreasing the detects oi tf>^ OS^s COPs etc 
by the hydrogen anncn ma »s iowcr Cft course the first 
substrate 10 may well bo ent rcry formed into trc less- 
defcctive layer 1 2 Incidentally atmcuqn trc icss-dctoc- 
tive layer 12 and the region *i arc illustrated m Fig 2 
SO as to change abruptly a: a certain bounoViry actually 
they change gradually without riny strct bouncviry Both 
surface layers ot the first substrate 1U may bo icss-do- 
fective layers 

[0044] I! is also aliowec to perform the succeeding 
sleps allef circuit elements such MOSFE T» riave 
been foimed in the les>s -detective tnyei 12 
[0045] Subsequently as shown in F«g 3 the ons of 
hydrogen or the like arc implanted into tnc ujs: substrate 
10. thereby to form a separation layer 14 
[0046] The separation layer 14 should desirably be 
formed within the less-aoloctrvo layer 12. or at tho inter- 
face between the region 1 1 and the less-detoclrvo layer 
12. In a case where the separation layer 14 has been 
formed within the less-defectrve layer 12 this less-de- 
fective layer 12 is divided into a layer 16 iherombelow. 



termed "SOI layer") which overlies the separation layer 
14, and a layer 17 which underlies it. Alternatively, the 
separation layer 1 4 may be formed within the region 11 . 
[0047] It is also allowed to form an insulator layer 1 3 

5 before or after the ion implantation. The level of a bond- 
ing interface can be spaced from the active layer (SOI 
layer) 16 by the insulator layer 13. In particular, the for- 
mation of the insulator layer 13 before the step of the 
ion implantation is also effective to prevent the surface 

10 of the less-defective layer 12 from roughening due to 
the ion implantation. Especially when the insulator layer 
13 is formed by oxidizing the surface of the less-defec- 
tive layer 12, it can be used as the buried oxide film of 
an SOI wafer by bonding the resulting first substrate 10 

is to a second substrate 1 5 as it is. 

[0048] At the next step, the first substrate 10 is bond- 
ed with the second substrate 15 so that the less-defec- 
tive layer 12 may lie inside. Then, a multilayer structure 
18 is formed (Fig. 4). 

20 [0049] Thereafler, as shown in Fig. 5, the multilayer 
structure 1 8 is separated by utilizing the separation layer 
14. Herein, the multilayer structure 18 may be separated 
either within the separation layer 14 or at the interface 
of the separation layer 14 nearer to the region 11 or to 

2S SOI layer 16. Alternatively, the multilayer structure 18 
may be separated within the separation layer 14 at a 
part and at the interface of the separation layer 14 at 
another part. 

[0050] Thus, a semiconductor substrate in which the 

30 SOI layer 1 6 is transferred or moved on the second sub- 
strate 15 is formed as shown in Fig. 5. Since the SOI 
layer 16 has been formed on the basis of the less-de- 
fective layer 12, it is quite free from, or is much relieved 
from, the defects of the OSFs, COPs etc. peculiar to the 

35 bulk wafer. 

[0051] In the case where the separation layer 14 has 
been formed within the region 1 1 , the unnecessary parts 
of the region 11 etc. are also allowed to remove by pol- 
ishing, etching with a liquid etchant, or etching based on 

•*o hydrogen annealing, after the transfer step until the SOI 
layer 16 (less-defective layer 12) is exposed. 
[0052] According to an embodiment of the present in- 
vention, especially when the separation layer 14 has 
been formed within the less-defective layer 12, the im- 

■*5 planted ions are less scattered by the defects of the OS- 
Fs. COPs etc. at the step of the separation. It is accord- 
ingly permitted to form the separation layer 14 whose 
thickness is more uniform than in the case of forming 
the separation layer in the region where the defects of 

50 the COPs are large in number. In other words, it is per- 
mitted to enhance uniformity in the thickness of the SOI 
layer 16. 

[0053] Besides, in a case where part of tho separation 
layer 1 4 and/or part of the region 1 1 remains on the SOI 
55 layer 16 after the separation, they (it) are (is) removed, 
whereby the semiconductor substrate intended by the 
present invention is finished up (Fig. 6). 
[0054] Incidentally, the first substrate 10 (particularly 
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the region 11) obtained after the separation can be re- 
used tor the process for manufacturing the semiconduc- 
tor substrate as stated above. In this case : when part of 
the separation layer 14 remains on the region 11, it is 
removed, and when the surface of the first substrate 10 
is too rough to be allowable, it is subjected to a flattening 
treatment. Thereafter, the resulting first substrate 10 can 
be utilized as the new first substrate again. Of course, 
it can also be utilized as the second substrate 15. 
[0055] When the less-defective layer 12 is formed 
thicker beforehand, it can be resupplied without per- 
forming the hydrogen annealing in the next reuse ot the 
first substrate 10. 

[0056] Now, the individual constituents and steps of 
the semiconductor substrate according to an embodi- 
ment of the present invention will be described in detail. 

(First Substrate) 

[0057] A bulk silicon wafer, especially a CZ silicon wa- 
fer, is used as the starting material of a first substrate 
10. It is suitable to employ the first substrate 10 having 
a surface layer portion 12 in which the defects of COPs 
(Crystal Originated Particles) etc. are lessened in 
number by subjecting the raw material wafer to hydro- 
gen annealing. 

[0058] The "CZ silicon wafer" is a silicon substrate 
which is manufactured by the pulling method (Czochral- 
ski method) The CZ wafer involves large numbers of 
defects peculiar to the bulk wafer, such as OSFs (Oxi- 
dation Induced Stacking Faults), COPs, and FPDs 
(Flow Pattern Defects). 

[0059] Here, the "OSFs" are such that minute defects 
introduced in the growth of a crystal wafer so as to serve 
as the nucleus thereof are actualized by an oxidation 
process By way of example, the OSFs of ring shape are 
sometimes observed when a wafer surface is subjected 
to wet oxidation. 

[0060] On the other hand, the "COPs" and "FDPs" 
which can be observed without performing any heat 
treatment are considered defects (grown-in defects) as- 
cribable to the same cause, and they are not strictly de- 
fined and distinguished. Roughly speaking, however, 
the former defects "COPs" signify etch pits which can 
be detected with a fine-grain detector ora foreign-matter 
inspection device based on light scattering, after the wa- 
fer has been immersed in the SC-1(NH 4 OH/H 2 0 2 ) so- 
lution being one of the constituent liquids of the RCA 
washing liquid. The latter defects "FDPs" signify etch 
pits which are observed with an optical microscope after 
the wafer has been immersed in the Secco solution 
(f^C^O/HF/h^O) for about 30 minutes. 
[0061] Incidentally, the causes of the defects such as 
the OSFs, COPs and FPDs have not been exactly clar- 
ified yet. It has been reported, however, that all the de- 
fects correlate intensely with the concentration of oxy- 
gen contained in the wafer, and that the defects of the 
OSFs etc are liable to arise when the oxygen concen- 
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tration is high (in, for example, "Problems of Silicon 
Crystal and Wafer Technology" issued by Realize Inc., 
P. 55). 

[0062] Next, the less-defective layer 12 which is 
s formed by the hydrogen annealing will be explained. 
[0063] Usually, the CZ silicon wafer contains oxygen 
in the order of 10 18 atoms/cm 3 . When the wafer is sub- 
jected to the hydrogen annealing, the oxygen contained 
in this wafer is out-diffused to lower the oxygen concen- 
trations of a wafer surface and the vicinity thereof. 
[0064] Owing to the lowering of the oxygen concen- 
trations, the surface layer portion of the wafer is re- 
formed more, so that the less-defective layer 1 2 in which 
the defects of the COPs, OSFs etc. are lessened in 
number can be formed. By way of example, the OSFs 
appear in such a manner that oxygen atoms gather to 
a precipitation nucleus and incur oxygen precipitation, 
whereupon the defects (stacking faults) grow with the 
precipitation nucleus as a point of origin. 
[0065] Besides, the COPs exist at a density of 10 5 to 
10 7 /cm 3 in the CZ silicon wafer. In case of a CZ wafer 
of, for example, 8 inches, COPs in the order of 400 to 
500 particles per unit wafer exist in the vicinity of the 
surface of the wafer. However, when the CZ silicon wa- 
fer is subjected to the hydrogen annealing, the number 
of the COPs suddenly decreases down to about 10 in 
the vicinity of the surface. That is, a layer (DZ layer; De- 
nuded Zone layer) which is substantially defectless is 
formed Incidentally, the "number per unit wafer" in the 
present invention signifies the "number of the defects 
such as COPs per surface area occupied by one wafer". 
By way of example, in the case of the 8-inch wafer, the 
"number per unit wafer" is the number of the COPs rel- 
ative to approximately 324 cm 2 . 

[0066] In this manner, when the CZ silicon wafer sub- 
jected to the hydrogen annealing is employed, the de- 
fects of the COPs etc. existent in an SOI layer 16 which 
is to be transferred onto a second substrate 15 can be 
nullified or decreased, and uniformity in the thickness of 
the SOI layer 16 can be enhanced. 
[0067] The thickness of the less-defective layer 12 
which is formed by the hydrogen annealing should pref- 
erably be in the order of 500 to 5000 nm though it de- 
pends also upon the thickness of the SOI layer 1 6 which 
is to be transferred onto the second substrate 15. 
[0068] The concentration of oxygen in the less-defec- 
tive layer 12 should be 5 x 10 17 atoms/cm 3 or below, it 
should preferably be 1 x 10 1 7 atoms/cm 3 or below, and 
it should more preferably be 5 x 10 16 atoms/cm 3 or be- 
low. 

[0069] Further, it is desirable that the concentration of 
oxygen in a separation layer 14 which is formed by im- 
planting ions is included in the range specified above. 
[0070] The density of COPs per unit volume in the 
less-defective layer 12 should lie from 0 particle/cm 3 to 
5 X 10 6 particles/cm 3 or below, it should preferably lie 
from 0 particle/cm 3 to 1 x 10 6 particles/cm 3 or below, 
and it should more preferably lie from 0 particle/cm 3 to 
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1 x 10 5 particles/cm 3 or below. It is especially desirable 
that the density of COPs in a depthwise region extend- 
ing from the outermost surface of the surface layer por- 
tion 12 to the projection range of the ion implantation 
lies within the values specified above. $ 
[0071] Besides, in the case of the 8-inch wafer, the 
number of COPs per unit wafer in the less-defective lay- 
er 12 should lie from 0 to 500 or below, it should prefer- 
ably lie from 0 to 1 00 or below, it should more preferably 
lie from 0 to 50 or below, and it should still more prefer- 
ably lie from 0 to 10 or below. Incidentally, the distribu- 
tion of the COPs in the surface of the wafer is such that 
the COPs have an intense tendency to concentrate in 
the vicinity of the center of the wafer extending within 
about 6 cm from the center. It is therefore desired that 
the number of COPs per unit wafer is substantially equal 
to the value in the 8-inch wafer, even in a 12-inch wafer 
or a larger wafer. 

[0072] In addition, the number of COPs per unit area 
in the wafer surface should lie Irom 0/cm 2 lo 1 .6/cm 2 or 
below, it should preferably lie from 0/cm 2 to 0.5/cm 2 or 
below, and it should more preferably lie from 0/cm 2 to 
0.05/cm 2 or below. 

[0073] Further, it is desirable that the density of COPs 
per unit volume (or per unit area) in the separation layer 
14 falls within the above range. 

[0074] Also, the number of FPDs per unit area in the 
less-defective layer 12 should lie from 0/cm 2 to 5 x 10 2 / 
cm 2 or below, and it should preferably lie from 0/cm 2 to 
1 x i0 2 /cm 2 or below.. 

[0075] Besides, in case of specifying the less-defec- 
tive layer 12 in terms of OSFs. the density of the OSFs 
per unit area should lie from 0 fault/cm 2 to 100 faults/ 
cm 2 or below, it should preferably lie from 0 fault/cm 2 to 
50 faults/cm 2 or below, and it should more preferably lie 
from 0 fault/cm 2 to 10 faults/cm 2 or below. 
[0076] The less-defective layer 12 is formed by heat- 
treating the raw material of the first substrate 10 in a 
reducing atmosphere which contains hydrogen. The at- 
mosphere may be hydrogen gas, or a mixed gas con- 
sisting of hydrogen and a rare gas (such as Ar, He, Ne, 
Xe ? Kr). 

[0077] A temperature for the hydrogen annealing 
should he from 500°C to below the fusion point of the 
material of the first substrate 10, it should preferably lie «5 
from 800°C to below the fusion point of the material of 
the first substrate 10, and it should more preferably lie 
from 1000°C to below the fusion poinl of Ihe material of 
the first substrate 10. 

[0078] In a case where the first substrate 10 is a sili- so 
con substrate (the fusion point of silicon is about 
141 2°C), the annealing temperature should preferably 
lie from 800°C to 1350°C in consideration of the diffu- 
sion rate of oxygen and a burden on a heat-treating fur- 
nace. It should more preferably lie from 900° C to ss 
1250°C. 

[0079] The pressure of the hydrogen containing at- 
mosphere for the hydrogen annealing may be any of the 



atmospheric pressure, a reduced pressure and a raised 
pressure. It is suitable to perform the hydrogen anneal- 
ing under the atmospheric pressure, or under a pressure 
between the atmospheric pressure (1 x 10 5 Pa) and 1 
X 10 4 Pa. It is more suitable to perform the hydrogen 
annealing under a slightly reduced pressure which is 
about 100 mmH 2 0 lower than the atmospheric pres- 
sure. In particular, when the hydrogen annealing is per- 
formed under a reduced pressure, the defects of the 
COPs etc. can be lessened more effectively on the basis 
of the out-diffusion of oxygen etc. though the lessening 
effect depends also upon the construction of the heat- 
treating furnace. 

[0080] The furnace for the hydrogen annealing may 
be a vertical type heat-treating furnace or horizontal type 
heat-treating furnace which is ordinarily used. A heater 
which can be employed is any of a resistance heater, a 
radio-frequency heater, etc. 

[0081] Alternatively, the hydrogen annealing can be 
performed by lamp healing which utilizes thermal radi- 
ation and which is employed for RTA (Rapid Thermal 
Annealing). A rapid annealing device in this case may 
be, for example, an infrared annealing device based on 
a halogen lamp, an arc lamp or the like, or a flashlamp 
annealing device based on a xenon flash lamp or the 
like. Especially in the case of the lamp heating, the hy- 
drogen annealing is possible in a short time. 
[0082] A time period required for the hydrogen an- 
nealing should be between several seconds and several 
tens hours, and should preferably be between several 
seconds and several hours. 

[0083] By the way, in the case where the less-defec- 
tive layer 12 has been formed by subjecting the CZ sil- 
icon wafer to the hydrogen annealing, the number of de- 
fects (for example, COPs) per unit wafer as to the less- 
defective layer 12 shown in Fig. 2 is the smallest at the 
outer surface thereof, and it enlarges more at the deeper 
part of the wafer. In case of manufacturing an SOI sub- 
strate by the bonding technique (adhesion method), the 
number of the COPs in the SOI layer 16 shown in Fig. 
6 is the smallest at the interface between this SOI layer 
16 and an insulator layer 13 and is the largest at the 
outermost surface of this SOI layer 16. 
[0084] It is accordingly favorable for further lessening 
the number of COPs at the outermost surface of the SOI 
layer 16 that hydrogen annealing is performed also after 
the exposure of the SOI layer 1 6 succeeding the step of 
separation. In this case, the SOI layer 16 both the sur- 
faces of which have been subjected to the hydrogen an- 
nealing can be obtained. Particularly, in a case where 
the less-defective layer 1 2 has been formed by subject- 
ing the CZ silicon wafer to the hydrogen annealing for a 
time period of several seconds to three hours or so, it is 
more desirable to perform the hydrogen annealing for 
both the surfaces of the less-defective layer 12. 
[0085] In addition, the material of the first substrate 
10 to undergo the hydrogen annealing is not restricted 
to the CZ silicon waler, but a silicon wafer manufactured 
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by the MCZ method (Magnetic Field Applied Czochral- 
ski Method), hereinbelow termed the "MCZ silicon wa- 
fer", is also employed favorably. It has been reported 
that, when compared with the CZ silicon wafer, the MCZ 
silicon wafer suppresses increase in the sizes of COPs 
contained in silicon ("Electronic Materials", June Issue 
(1998), p. 22). When subjected to the hydrogen anneal- 
ing, the MCZ silicon wafer can be formed with a less- 
defective layer 1 2 of higher quality than in the CZ silicon 
wafer. 

[0086] Besides, in the case of using silicon for the first 
substrate 10, it is possible to employ a p-type or n-type 
CZ wafer whose resistivity is 0.1 to 100£2-cm, more ap- 
propriately 0.5 to 50 £2*cm. 

[0087] Considering that an impurity element such as 
boron or phosphorus is out-diffused from within the sil- 
icon by the hydrogen annealing, the CZ silicon wafer be- 
ing the substrate to undergo the hydrogen annealing 
may well have a resistivity lower than the above resis- 
tivity. The less-defective layer 12 itself, however, should 
preferably exhibit the p-type or n-type with the resistivity 
of 0. 1 to 1 00 £2-cm, more appropriately 0.5 to 50 £2cm. 
[0088] Of course, if the desired SOI layer 16 is ob- 
tained, a wafer of undesignated concentration or a wafer 
to be reused can also be employed. In a case where a 
resistivity outside the above range is required for the 
specifications of the SOI layer of an SOI wafer, it is fa- 
vorable to employ the wafer of the resistivity conforming 
to the specifications 

[0089] Further, the material of the first substrate 10 is 
not restricted to the CZ or MCZ single-crystal silicon 
substrate but it may well be any of a Ge substrate, an 
SiC substrate, an SiGe substrate, a GaAs substrate, an 
InP substrate, etc. 

[0090] Moreover, in the case where the material of the 
first substrate 10 is the silicon substrate, a silicon oxide 
layer can be employed as the insulator layer 1 3 by oxi- 
dizing the surface of the substrate. The insulator layer 
13 may well be realized in such a way that a silicon ni- 
tride layer is formed by nitriding the substrate surface, 
or that a silicon oxide film or a silicon nitride film is de- 
posited on the less-defective layer 1 2 by C VD (Chemical 
Vapor Deposition). 

[0091] The thickness of the insulator layer 13 should 
preterably be several nm to several jam or so. 
[0092] Of course, it is also allowed to omit the forma- 
tion of the insulator layer 13 on the first substrate 10 or 
to lorm insulator layers 1 3 on both the first substrate 10 
and the second substrate 1 5 beforehand. 

(Ion Implantation) 

[0093] Regarding the clement of ion implantation for 
the formation of a separation layer 14, it is possible to 
implant the ions of hydrogen or a rare gas such as he- 
lium, neon, krypton or xenon, or the ions of nitrogen 
solely or in combination with any of the preceding ele- 
ments. Even with an identical element, ions of different 



masses such as H + and H 2 + may be implanted, whereby 
the separation of a multilayer structure 18 can be facil- 
itated. The step of the ion implantation is not restricted 
to a case where the ions of the same element are im- 
s planted once, or a plurality of number of times so as to 
have an identical projection range. It is also favorable 
to contrive and form the separation layer 14 by changing 
the ion species of the plantation, the energy thereof, the 
dose thereof, etc. in stages. In particular, it is favorable 
to form the separation layer 1 4 so as to have a lower or 
higher mechanical strength as it comes nearer to an SOI 
layer 16 which is to be transferred onto a second sub- 
strate 1 5 being a supporting substrate, whereby the step 
of separation is performed as desired. In general, as the 
dose of implantation is larger, microbubbles increase 
more, and the mechanical strength of an implanted re- 
gion becomes lower. 

[0094] The ion implantation can be performed by set- 
ting an acceleration voltage within a range of 1 keV to 
10 MeV inclusive. Since the thickness of the implanted 
layer 14 varies depending upon the acceleration volt- 
age, this voltage should preferably be set on the order 
of several tens keV to 500 keV so as to fulfill a desired 
condition. 

[0095] Anyway, it is important to perform tho ion im- 
plantation so that the multilayer structure 18 may be 
easily separated at the resulting separation layer 14. 
[0096] In the present invention, it is favorable also for 
attaining a uniform implantation depth to perform the ion 
implantation so that the projection range R p (implanta- 
tion depth) of the ion implantation may lie within a less- 
defective layer 12. The thickness of the SOI layer 16 is 
ordinarily several nm to 5 j_im. 

[0097] The thickness of the separation layer 1 4 which 
is formed by the ion implantation is ordinarily 0.5 micron 
or below. In particular, it should more preferably be sev- 
eral thousand A or below in order to form at a uniform 
thickness the thin film 1 2 which is to be transferred onto 
the second substrate 15. The separation layer 14 in- 
cludes the projection range of the ion implantation by 
way of example. 

[0098] The dose of the implantation can be set at 1 .0 
X 10 15 /cm 2 to 1.0 x 10 18 /cm 2 , and more preferably at 
1.0 x 10 ,6 /cm 2 to2.0 x 10 17 /cm 2 . 
[0099] The temperature of the ion implantation should 
preferably he between -200°C and 600°C, more prefer- 
ably at or below 500°C, and still more preferably at or 
below 400°C. The reason therefor is that, when the tem- 
perature exceeds about 500°C, the implanted ions hav- 
ing gathered near the projection range is rapidly diffused 
to be emitted from a first substrate 1 0, so the separation 
layer (microbubble layer) 14 fails to be formed. 
[0100] Another process for forming the separation 
layer 14 is the plasma ion implantation in which hydro- 
gen ions ; for example : are caused to permeate into a 
desired region by utilizing a plasma. Owing to the plas- 
ma, the ion-implanted layer (separation layer 14) can be 
formed in a shorter time and at a more uniform thickness 
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than in the case of the conventional ion implantation. 
(Bonding) 

[0101] Mentioned as the sorts of a second substrate 
15 to be bonded with a first substrate 10 are a single- 
crystal silicon substrate, a polycrystalline silicon sub- 
strate, an amorphous silicon substrate, a sapphire sub- 
strate, a light transmitting substrate such as quartz sub- 
strate or glass substrate, a metal substrate of Al or the 
like, a ceramics substrate of alumina or the like, and a 
compound semiconductor substrate of GaAs, InP or the 
like. The sorts of the second substrate 15 are properly 
selected according to the intended use of the final prod- 
uct including an SOI layer 16. The first substrate -10 can 
also be bonded to a substrate ot plastics or the like it 
the latter substrate has an appropriate flatness. 
[01 02] It is also favorable to form an insulator layer on 
the bonding surface of the second substrate 15 before- 
hand. In bonding the first and second substrates, an in- 
sulating sheet may well be sandwiched therebetween 
to form a triple stacked structure. When the light trans- 
mitting substrate is employed as the second substrate 
15, a contact sensor being a photosensor or a liquid- 
crystal image display panel of projection type can be 
constructed. Herein, driving elements whose perform- 
ances are high enough to heighten the pixel density, res- 
olution and definition of the sensor or the display panel 
can be fabricated 

[0103] A multilayer structure 18 is formed by bonding 
the first substrate 10 and the second substrate 15 at a 
room temperature. 

[0104] In a case where, before being stacked at the 
room temperature, the first and second substrates have 
their surfaces activated by a nitrogen or oxygen plasma 
and are washed with water and then dried, the heat 
treatment of the next step for raising a bonding strength 
can have its temperature made lower. 
[0105] In a case where the first substrate 10 and the 
second substrate 15 are to be brought into close adhe- 
sion by heightening the bonding strength, it is also fa- 
vorable to perform the heat treatment (hereinbelow, 
termed the "first heat treatment" ) midway of or after the 
bonding. It is desired that the first heat treatment is a 
low-temperature heat treatment which is performed at 
a temperature of room temperature to 500°C, more pref- 
erably room temperature to 400° C. 
[0106] It is also favorable to bond the first and second 
substrates by pressing the multilayei structuie 18 or by 
anodic welding, with or without the lirst heat treatment. 
[0107] Regarding an atmosphere for the bonding op- 
eration, the first and second substrates may be brought 
into touch in any of the atmospheric air, oxygen, nitro- 
gen, vacuum, etc. 

[01 08] The atmosphere of the first heat treatment may 
be N 2 , 0 2 , an oxidizing atmosphere, or the combination 
thereof. 

[0109] By the way. the first substrate 10 can also be 



once bonded to another substrate and thereafter bond- 
ed to a desired supporting substrate, without being di- 
rectly bonded with the second substrate 15 which 
serves as a supporting substrate. 

5 

(Separation) 

[0110] A multilayer structure 18 can be separated or 
divided by a heat treatment. Concretely, the heat treat- 
io ment is performed at a temperature of 400°C to 1 350°C , 
more preferably 400° C to 1000*0, and still more pref- 
erably 400°C to 600°C. 

[0111] When the heat treatment as stated above is 
performed, a separation layer 14 is internally pressu- 
'5 rized by the rearrangement of a crystal and the coales- 
cence of microbubbles within the separation layer 14, 
and a thin film which is a part or the entirety of a less- 
defective layer 12 is peeled off. 

[0112] It is also possible to separate the multilayer 
20 structure 18 by utilizing the speeded-up oxidation of the 
separation layer 14. 

[0113] More specifically, the ion-implanted layer (sep- 
aration layer 14) is oxidized from the periphery of the 
multilayer structure 18. Thus, the volumetric expansion 

2S of the ion-implanted layer onlargcs more at a position 
nearer to the outer periphery thereof, as if a wedge were 
entered into the ion-implanted layer uniformly from the 
outer periphery. Accordingly, only the ion-imptanted lay- 
er undergoes an internal pressure, and the multilayer 

30 structure 18 is divided within the ion-implanted layer or 
at the interface thereof over the whole wafer. 
[0114] Incidentally, the ion-implanted layer is usually 
covered with a non-porous layer even at the outer pe- 
ripheral part thereof. In this regard, it is also favorable 

35 to expose the outer peripheral part or end face of the 
ion-implanted layer after or before bonding a first sub- 
strate 10 and a second substrate 15 into the multilayer 
structure 18. When such a multilayer structure 18 is ox- 
idized, the speeded-up oxidation starts from the outer 

-*o peripheral part of the ion-implanted layer because of the 
very large surface area of this ion-implanted layer. 
[0115] When Si turns into Si0 2 , its volume expands 
2.27 times. Under the condition of a porosity of 56% or 
below, therefore, also the oxidized ion-implanted layer 

is exhibits a volumetric expansion. Since the degree of the 
oxidation lowers toward the center of the wafer, the vol- 
umetric expansion of the oxidized ion-implanted layer 
becomes larger al the outer peripheral part of the waler. 
Such a phenomenon presents the same situation as in 

50 the case of entering the wedge from the end face of the 
wafer into the ion-implanted layer. Thus : only the ion- 
implanted layer undergoes the internal pressure, and 
the multilayer structure 18 undergoes a force so as to 
be divided within the ion-implanted layer. Moreover, the 

55 oxidation proceeds uniformly at the peripheral edge of 
the wafer, so that the multilayer structure 18 is peeled 
off equally from the outer periphery of the wafer. 
[0116] According to the present invention, the speed- 
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ed-up oxidizability of the ion-implanted porous layer the 
volumetric expansion thereof and the fragility thereof 
are combined by utilizing the oxidation being one step 
of a conventional Si-IC process as has an excellent ho- 
mogeneity. Therefore, the internal pressure can be ex- 
erted on only the ion-implanted porous layer, whereby 
the wafer can be divided within the ion-implanted porous 
layer at a good controllability. 

[0117] Alternatively, a bonded substrate body 
(stacked substrates) can be separated at the fragile ion- 
implanted porous layer in such a way that a thermal 
stress is generated by heating the whole bonded sub- 
strate body, by utilizing the facts that the bonded wafers 
are multiiayered in construction and that the ion-implant- 
ed porous material is structurally fragile. The heating in 
this case can be performed by for example, a heat treat- 
ment at a temperature ot 1150°C and for a time period 
of 30 seconds. 

[0118] In the present invention, the multilayer struc- 
ture 1 8 can also be separated through the ion-implanted 
porous layer by a thermal stress, softening or the like 
resulting when the ion-impianted porous material solely 
or this material as well as the vicinity thereof has been 
heated, by utilizing the fact that the ion-implanted po- 
rous material is structurally fragile. 
[01 1 9] Especially when a laser is used, only a certain 
specified layer can be heated by allowing it to absorb 
energy, without heating the whole bonded substrate 
body Herein, local heating can be performed by em- 
ploying the laser of a wavelength which is absorbed by 
only the ion-implanted porous layer or a layer vicinal to 
the ion-implanted porous material. Usable as the laser 
is, for example, a C0 2 laser which has an output power 
of 500 to 1 000 W or so. 

[01 20] The porous layer can be rapidly heated in such 
a way that an electric current is caused to flow through 
the ion-implanted porous layer or within the wafer sur- 
face vicinal to the ion-impianted porous material. It can 
also be heated by causing a pulsating current to flow. 
[0121] It is also favorable to utilize a jet stream of high 
water pressure or the like as an expedient for separating 
the multilayer structure 18 

[0122] The so-called "water jet method" in which a wa- 
ter stream under a high pressure is injected from a noz- 
zle may well be employed for separating the multilayer 
structure 18 at the ion-implanted layer (separation layer 
14). 

[0123] Aparl from water, il is possible to use a liquid 
which functions to selectively etch the separation re- 
gion, and which is exemplified by an organic solvent 
such as alcohol, an acid such as fluoric acid or nitric 
acid, or an alkali such as potassium hydroxide. Further, 
a gas such as air, nitrogen gas, carbonic acid gas or rare 
gas may well be employed as a fluid. Alternatively, a fluid 
of low temperature or a liquid of extremely low temper- 
ature may well be employed. 

[0124] It is also allowed to employ an electron beam, 
or a gas or plasma which has an etching action on the 



separation region. 

[0125] The separation region can be removed from its 
side surface by injecting or spraying the water jet to this 
separation region in conformity with a bonding seam on 

s the side surface of the multilayer structure 18. In this 
case, first of all, the water jet is directly injected against 
the separation region exposed to the side surface of the 
bonded substrate body and against the nearby parts of 
first and second substrate body members. Then, only 

to the fragile separation region is removed by the water jet 
without damaging the individual substrate body mem- 
bers, until the two substrate body members are de- 
tached. Even in a case where the separation region is 
not exposed beforehand and is covered with a thin layer 

is by any reason, the water jet may be injected to initially 
remove the layer covering the separation region and to 
continually remove the exposed separation region. In 
addition, the bonded wafers can be separated by wid- 
ening and destroying the structurally-fragile separation 

20 region in such a way that the water jet is injected into 
the narrow gap of the bonded wafers on the peripheral 
side surface of the bonded substrate body, though this 
effect has not hitherto been often utilized. Since, in this 
case, cutting or removal is not intended, the cutting de- 

25 bris of the separation region is hardly produced. More- 
over, even when the material of the separation region 
cannot be removed by the water jet itself, the bonded 
wafers can be separated without using a polishing ma- 
terial and without damaging the surface of the separa- 

30 tion. In this manner, the effect can be considered a kind 
of wedge effect based on the fluid, unlike a cutting or 
polishing effect. Accordingly, the effect is greatly expect- 
able in a case where the narrow gap being concave ex- 
ists on the side surface of the bonded substrate body, 

35 and where a force is exerted in the direction of peeling 
off the separation region, by injecting the water jet. If the 
effect is to be satisfactorily demonstrated, the shape of 
the side surface of the bonded substrate body should 
preferably be concave, not convex. 

40 [0126] By the way, in the case of the separation with 
the jet stream, the temperature of the multilayer struc- 
ture 18 is set within a range of -200°C to 450°C inclu- 
sive. Preferably, it is set within a range of room temper- 
ature to 350°C. 

45 [0127] Besides, for the separation of the multilayer 
structure 18, the separation layer can be destroyed by 
any of the following methods: 

Sufficient tensile forces or pressures are uniformly 
50 applied to the bonded wafers normally and within 
the planes thereof. 

The wave energy of ultrasonic waves is applied. 
An appliance like the edge of a razor (for example, 
a wedge made of Teflon resin) is inserted into the 
55 separation layer at the wafer end face (the periph- 
ery of the bonded wafers). 

The separation layer is exposed to the wafer end 
face, the porous Si is etched to some extent, and 
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an appliance like the edge of a razor Is inserted into 
the resulting separation layer. 
The porous layer is exposed to the wafer end face, 
the porous Si is impregnated with a liquid such as 
water, and the whole bonded wafers are thereafter 5 
heated or cooled to expand the liquid. 
A force (shearing force or rotating force) is horizon- 
tally applied to the second (or first) substrate rela- 
tively to the first (or second) substrate. 

w 

[0128] Also, only the ion-implanted layer (separation 
layer 14) can be selectively divided by electroless wet 
chemical etching in such a way that the multilayer struc- 
ture 18 is immersed in fluoric acid or a mixed solution in 
which at least either of alcohol and hydrogen peroxide ts 
is added to fluoric acid, or in buffered fluoric acid or a 
mixed solution in which at least either of alcohol and hy- 
drogen peroxide is added to buffered fluoric acid. 

(Removal of Remains on Second Substrate) 20 

[0129] In a case where a separation layer 14 remains 
on an SOI layer 16 when a multilayer structure 18 has 
been separated by utilizing the separation layer 14, the 
step of removing the remains is preferable. Of course, 2S 
the step of removal is unnecessary in a case where the 
separation at the separation layer 14 occurs at the in- 
. terface of the separation layer 14 with the SOI layer 16. 
[0130] It is also favorable for the removal of the re- 
mains to execute polishing or grinding, particularly 30 
chemical mechanical polishing (CMP). Usable as a pol- 
ishing agent on that occasion is any of the polishing grits 
of borosilicate giass, titanium dioxide, titanium nitride, 
aluminum oxide, iron nitrate, cerium oxide, colloidal sil- 
ica, silicon nitride, silicon carbide, graphite, diamond, 35 
etc., or grinding grit liquids in which the above grinding 
grits are mixed with the oxidizing agent of H2O2, KIO3 
or the like or the alkaline solution of NaOH, KOH or the 
like. 

[0131] The removal of the separation layer 14 in the 40 
present invention can also be effected by selective pol- 
ishing with a single-crystal layer as a polishing stopper, 
for the reason that the separation layer 14 has a low 
mechanical strength and a very large surface area. 
[0132] It is also favorable to remove the remains of -*s 
the separation layer 14 by etching. 
[0133] Herein, a fluoric or nitric acid system, an eth- 
ylene diamine syslem, a KOH syslem or a hydrazine 
system is usable as an etchant. Also usable is hydrofluo- 
ric acid or a mixed solution in which at least either of so 
hydrogen peroxide and alcohol is added to fluoric acid, 
or buffered fluoric acid or a mixed solution in which at 
loast cither of hydrogen poroxidc and alcohol is added 
to buffered fluoric acid. Thus a solution containing hy- 
drogen fluoride can be used. ss 
[0134] In a case where the remains of the separation 
layer 1 4 are thin, or a case where the multilayer structure 
18 is separated substantially at the interface between 



the SOI layer 1 6 and the separation layer 1 4, the surface 
of the SOI layer 16 can be smoothened by carrying out 
hydrogen annealing after the separation. 
[0135] The hydrogen annealing is done by a heat 
treatment in a reducing atmosphere which contains hy- 
drogen. The atmosphere may be hydrogen gas, or a 
mixed gas consisting of hydrogen and a rare gas (such 
as Ar). 

[0136] A temperature for the hydrogen annealing 
should lie between 800°C and 1350°C inclusive, and 
more preferably between 850° and 1250°C inclusive. 
[0137] The pressure of the hydrogen containing at- 
mosphere for the hydrogen annealing may be either of 
the atmospheric pressure and a reduced pressure. It is 
suitable to perform the hydrogen annealing under the 
atmospheric pressure, or under a pressure between the 
atmospheric pressure (1 x 10 5 Pa) and 1 x 10 4 Pa in- 
clusive. It is more suitable to perform the hydrogen an- 
nealing under a slightly reduced pressure which is about 
100 mmH 2 0 lower than the atmospheric pressure. 
[0138] In the case where the remains of the separa- 
tion layer 14 are removed by the hydrogen annealing, 
the separation layer 14 should desirably be held in op- 
position to silicon oxide. 

[0139] More specifically, when the remains are heat- 
treated in opposition to the silicon oxide, this silicon ox- 
ide and silicon constituting the separation layer 1 4 react 
through the atmosphere as follows: 

Si + Si0 2 2SiO 

It is therefore possible to efficiently remove the ion-im- 
planted remaining layer. Moreover, the migration of Si 
simultaneously proceeds so as to lower surface energy, 
with the result that the surface of the SOI layer 16 is 
smoothened. 

[0140] Thus, the single-crystal silicon film can have 
its surface flattened equally to a single-crystal wafer and 
have its thickness decreased under control, without in- 
curring the crystal defects of processing distortions etc. 
as are incurred by the polishing of a single-crystal silicon 
film formed on the surface of a semiconductor substrate 
material. That is, smoothening the surfaces of an SOI 
substrate etc., decreasing a boron concentration, and 
etching silicon can be performed at the same time with- 
out spoiling the uniformities of film thicknesses in each 
wafer and between the wafers. 

[0141] It is also favorable to perform the hydrogen an- 
nealing after the separation layer 14 has been removed 
to some extent or entirely by the polishing or etching. 
[01 42] By the way, in a case where a separation layer 
is formed within a region 11 by ion implantation, a part 
of the region 11 is removed together with the remaining 
separation layer 14 by the use of the above method. 
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(Removal of Remains on First Substrate) 

[0143] When a separation layer 14 partly remains on 
a part of a first substrate obtained after the separation 
of a multilayer structure 18 (for example, on a region 11 
as well as a less-defective layer 17 in a case where the 
separation layer 14 has been formed within a less-de- 
fective layer 12), the remains are removed by the fore- 
going method such as polishing, grinding or etching, fol- 
lowed by a surface flattening treatment for any unsatis- 
factory surface flatness, whereby the first substrate can 
be reused as a new first substrate or a succeeding sec- 
ond substrate again. Although the surface flattening 
treatment may well be performed by a method such as 
polishing or etching which is usually used in a semicon- 
ductor process, it can also be done by a heat treatment 
in a reducing atmosphere containing hydrogen. In ac- 
cordance with selected conditions, the heat treatment 
can flatten the surface of the substrate to the extent that 
an atomic step is exposed locally. 

[0144] Particularly in the case where the separation 
layer 14 has been formed within the less-defective layer 
12, the less-defective layer 17 is borne on the region 11 
even after the separation. Therefore, the series of steps 
of a process for manufacturing an SOI substrate can bo 
carried out after forming a separation layer 14 within the 
less-defective layer 17 again. 

[0145] In a case where an SOI substrate is manufac- 
tured by employing the bonding or adhesion method, the 
single SOI substrate is manufactured from two wafers. 
Herein, it is permitted to manufacture the SOI substrate 
more economically, by reusing the first substrate ob- 
tained after the separation. 

(Annealing after Separation) 

[0146] In the present invention, it is also preferable to 
perform a heat treatment (hereinbelow, termed the "sec- 
ond heat treatment" ) after a multilayer structure 1 8 has 
been separated by utilizing a separation layer 1 4. for the 
purpose of heightening the adhesion or bonding 
strength between a supporting substrate (second sub- 
strate 15) and an SOI layer 16 arranged thereon. 
[0147] The temperature of the second heat treatment 
is set higher than that of the first heat treatment ex- 
plained before (lower-temperature heat treatment which 
is performed midway of bonding or immediately after the 
bonding). Concretely the temperature of the second 
heat treatment should lie between 600°C and 1 350°C 
inclusive, and more preferably between 800°C and 
1200°C inclusive. 

[0148] In a process after the microbubble layer (sep- 
aration layer 14) has been formed within bulk silicon by 
the ion implantation of hydrogen or the like, it is desired 
to perform no heat treatment or to perform a heat treat- 
ment at a lower temperature, except for the case of sep- 
aration by a heat treatment. The reason therefor is that 
the coalescence of microbubbles occurs at a tempera- 



ture exceeding about 500°C, so separation not originally 
intended might take place. It is accordingly favorable to 
perform the lower-temperature heat treatment (first heat 
treatment) at or below 500°C in the case where the ad- 

5 hesion strength is heightened after the bonding. 

[0149] After the multilayer structure 18 has been sep- 
arated by any desired method, the second heat treat- 
ment the temperature (for example, about 900°C) of 
which is higher than that of the first heat treatment 

10 should be performed to heighten the close adhesion 
strength between the SOI layer 16 and the second sub- 
strate 15 and to stabilize the bonding interlace of the 
resulting SOI substrate. 

[0150] When, in this manner, the heat treatment (sec- 
15 ond heat treatment) at the higher temperature of at least 
800° C and 1350°C is performed after the lower-temper- 
ature heat treatment (first heat treatment) at or below 
500°C, the precipitation phenomenon of oxygen is 
sometimes accelerated to increase the defects of OSFs 
20 dependent upon the precipitation density of oxygen 
("Silicon" written by Takao Abe, p. 194, issued by Baifu- 
kan Kabushiki-Kaisha). In the present invention, how- 
ever, the concentration of oxygen in a less-defective lay- 
er 12 is sufficiently low, and hence, the increase of the 
25 defects attributed to the higher-temperature heat treat- 
ment succeeding the lower-temperature heat treatment 
is preventable. 

[0151] After all, according to the present invention, the 
surface layer of a wafer heat-treated in an atmosphere 

30 containing hydrogen can be detached and transferred 
onto another substrate by utilizing an ion-implanted lay- 
er. Since defects (COPs, Grow-in defects, etc.) inherent 
in the bulk Si of a layer close to the principal surface of 
the wafer can be excluded by the heat treatment, the 

35 available percentage of a device can be enhanced. 
[0152] By way of example, in the manufacturing proc- 
ess of a 16M (megabyte) DRAM (Dynamic Random Ac- 
cess Memory) which is produced with a sufficient margin 
with respect to the sizes of the COPs, the presence of 

40 the COPs is not considerably problematic. However, 
when the 16M DRAM has shifted to a 64M DRAM, the 
elements of the device are designed with sizes being 
nearly equal to those of the COPs, and hence, the avail- 
able percentage of the device will lower drastically due 

45 to the COPs. The present invention is very effective in 
point of capable of providing an SOI substrate in which 
an SOI layer 16 involves a very small number of COPs. 
[0153] The wafer which has been heat-treated in the 
atmosphere containing hydrogen, is deemed to be mer* 

50 itorious in cost and excellent in mass-productivity and is 
expected to replace a wafer furnished with an epitaxial 
film. It is said that, in the future, the diameter of a wafer 
will enlarge more to render the pulling-up of a high-qual- 
ity crystal difficult. Further, the bulk wafer might degrade. 

55 for these reasons, it is very useful to manufacture the 
SOI substrate by utilizing the wafer which includes a 
less-defective layer heat-treated in the atmosphere con- 
taining hydrogen. 



12 



23 



EP0 961 312 A2 



24 



[0154] Next ii will be explained that in case of remov- 
ing a separation layer 14 by a process which includes 
hydrogen anncalmg effects based on tne hydrogen an- 
ncnlnq ditlcr depending upon materials which oppose 
to SLbs'Mics to-be-processed in a hcal-treating fur- 5 
nricc nnd jpon the distances between the substrates 
to be-processed nnd surtaccs oppesmq thereto 
(0155) The surtncc <SOi L-iycr ) of the substrate to-be- 
proccssed is sometimes ctchcc by the hydrogen an- 
nexing (hc^ii ire^tmcnt m a reducing ritmospherc con- io 
tninrr g rydroqen) and the quantity of the etching differs 
m riccofdnncc with :hc material wt~ich opposes to the 
surlnce of the SCI layer This tact will be concro'ely ex- 
plain- x3 DC I DA 

(0156] In ri vertical tyoc tvitch lufv<c tor heat-treat- '5 
in 4 waters hs shewn in Hg 15 the etenmq r^tc of each 
sinqic-C'yst^l siicon layer (SOI layer \ ch-ingcs greatly 
in riccorrlnncc wi'h the material of *\ surt,<c 'Opposing 
surl^ce \ opposing to the surface Ot the s^qic crysini sil- 
icon iriy.jr in ftQ 15 numeral I Uct>*grwtiot» n piur-thi/ -0 
of Wrifctb nut leiril 2 n CWC tube* ninOt.* u* W r»u 

mcfrtl 3 r» hoitcr rind njmerrtl 4 the ilfcnrr^ o* n 
process nq QnS 

(0157) Fiq 16 io it qraoh showing the tempo*. it j**? 
pcnocncc of ctcf-mc rate dependent uoo^ Vhr rn.*to«v»i -*i 
of op doc m q slH.icos In tho tiguro tho lemo* c** ,«r. 
sossws represents the inverse nuTitxvi c* x&^xw *• 
lures T n terms of tno mvcsc numbers of ow> *- w-;* i 

<r>V- Tn.^» iipp-^r ^ikj^ of HhVlSSaS roprr^-^K ,^ 

lures cor rosponrung to 1.7 The axis of mr>*wrw »v> . .v 
O-.lCS tre kXViMthmC pkDtS Of thO CtChing t<%U-\ ftr- 
rnmu:e » 

(0158] In c^isc of nn SCI substrate the trw hncr** a 
the SOi Uyor -vimcry the smqlo -crystal s^ccn wx* cm 
h Dunod mbuUtor Uycr car be measured corral ^tv*>? f J- 
Oris»N by the use of h lilm-thickncss mc er o» kjm *p*w> 
tion type being commercially a vatl<-*btc Whi*o the r^.- 
pertod cf trc rcr treatment is bemq cfw qoj r*. 1 
in'Ky Hriie ^f cririnqci of tho l»m thicknesses bofc *rx2 
nttcr Cnch icm! treatment is mensurec n'vs ~i * $*■«*•! -*0 
versus tne olc^m q lime pood is foend Th<y, rrw cu r- 

mq frllC tS OCtrllflOO 

(0159) in the qr^ph of Fig 16 d-itn A mrji'^m 
et:h«iq Mies marviduai temperatures *s mvc c*. 

I nine 3 m n c^SC Where a baSC fTVilCrMl lo tx> tM». tnx5 

irrvilerni Icr n substrate* SO- was held r> op^x« »~ 

an opposmp sjrt^icc material Si In this c^sc ^ 

energy E t enlLulritcU to Oo nboul 4 3 i. V 

girtUiunt of the rippiuxirririte btiniqhl line* cf p^j*i 

on the methoc of lenst square Dy the w*y br^ kets »cf ^ 

each illustrated d-ita indicate the mater wl of the o<x>y«> 

mg sjrtacc 

[0160] In addition cfcita B corrcsponcs tc .t c.tcc 
whoro tho noil foalmont was performed wth rt t>*so 
material Si held «n opposition to an opposmq %u'*+c<: ^ c 
material Si0 2 

[0161] Besides data C corresponds to tne v^i i»r»^t 
ment which was performed with the base rw>ruii S» 



held in opposition to the opposing surface material Si. 
In this case, the activation energy E a was about 4.1 eV. 
[0162] Further, data D corresponds to the heat treat- 
ment which was performed with the base material Si0 2 
held in opposition to the opposing surface material SiC^. 
In this case, the activation energy E a was about 5.9 eV. 
[0163] It has been revealed that, with the heat treat- 
ment in the reducing atmosphere containing hydrogen, 
the etching rate of silicon as the base material is in- 
creased to about 9 times without regard to temperatures 
as indicated by the difference between the etching rates 
of the data B and C in Fig. 1 6, by changing the opposing 
surface material from silicon to silicon oxide. 
[0164] In the case where both the base material and 
the opposing surface material are single-crystal silicon, 
the etching rate of about 0.045 nm/min at 1 200°C is con- 
siderably low (data C in Fig. 16). The quantity of etching 
by the heat treatment lor 60 minutes is less than 3 nm. 
On the other hand, in the case where the material of the 
opposing surface to silicon is silicon oxide, the etching 
i*iu is about 0.36 nm/min at 1200°C (data B in Fig. 16), 
<vxJ the quantity of etching for one hour reaches 21.6 
nm This quantity of etching is near to the quantity of 
oichmg m the case of touch polish. 
(0165) Fig. 17 is a graph showing tho quantity of etch- 
*xi r> tho cases where a base material Si opposes to an 
opposing surface material Si0 2> and where a base ma- 
le* l*J S 0 2 opposes to an opposing surface material Si. 
T no hxis of abscissas represents the time period of etch- 
»>q im minutes), while the axis of ordinates represents 
the thickness of etching (innm). A white dot corresponds 
to the case of heat-treating Si0 2 (base material) in op- 
position to Si (opposing surface material), and a black 
dot the case of heat-treating Si in opposition to Si0 2 . 
The temperature T of the heat treatment is 1200°C. 
[0166] As illustrated in Fig. 17, subject to the same 
trnc period of the heat treatments, the quantity of etchi- 
ng is larger in the case of heat-treating Si0 2 in opposi- 
tion to Si as indicated by the white dot, than in the case 
of etching Si in opposition to Si0 2 as indicated by the 
black dot. That is, in the cases of heat-treating Si0 2 and 
Si in opposition to each other Si0 2 is etched more (the 
thickness of etching thereof is greater). 
[0167] Fig. 18 illustrates the numbers of Si atoms 
computed from the results of Fig. 1 7, the Si atoms being 
removed when a Si surface and an Si0 2 surface are re- 
spoctrvoty etched in the etching of the base material 
O r t loid in opposition to the opposing surface material 
S« muj in the etching of the base material Si held in op- 
position to the opposing surface material Si0 2 . The axis 
of abscissas represents the time period of the etching, 
while the axis of ordinates represents the number of the 
removed Si atoms (in atoms/cm 2 ). In the graph of Fig. 
18. a circle, a triangle and a square in white correspond 
to the Si0 2 surface, while ones in black correspond to 
the Si surface. 

[0 1 68] When the quantities of etching of the silicon ox- 
<io suriace and the single-crystal silicon surface illus- 
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trated in Fig. 1 7 were calculated in terms of the numbers 
of silicon atoms, generally agreeing results have been 
obtained as illustrated in Fig. 18. It is accordingly indi- 
cated that, in the cases of heat-treating the Si surface 
and Si0 2 surface in opposition to each other, both the 
surfaces are deprived of the same amounts of Si atoms. 
[0169] That is, the etching of silicon is speeded up by 
the interaction thereof with the opposing silicon oxide 
surface. The reaction formula of the etching is compre- 
hensively given by the following, in which silicon and sil- 
icon oxide react at 1 : 1: 

Si + Si0 2 2SiO 

[0170] Besides, such an etching rate of Si is affected 
by the distance of the surface to-be-etched from the op- 
posing surface. In the case of arranging silicon as the 
opposing surface material, the etching rate is restrained 
more as Ihe distance between the surfaces is shorter, 
and in the case of arranging silicon oxide as the oppos- 
ing surface material, the etching rate is heightened more 
as the distance between the surfaces is shorter. 
[0171] Meanwhile, an etching rate in the case where 
a reducing gas typified by hydrogen was not contained 
in the atmosphere of a heat treatment, was conspicu- 
ously lower than in the case of the atmosphere contain- 
ing hydrogen. That is, the presence of the reducing gas 
typified by hydrogen contributes as one factor for speed- 
ing up the etching in the hydrogen annealing. In the case 
where the surfaces of silicon and silicon oxide oppose 
to each other, both the surfaces are etched in such a 
way that the material of either of the surfaces arrives at 
the other surface to react with the material of this sur- 
face, through a reaction with the reducing gas typified 
by hydrogen. By way of example, there are reactions; 
Si + H 2 -> SiH 2 and SiH 2 + Si0 2 -> 2SiO + H 2 . Si atoms 
dissociated from the Si surface are transported in a gas- 
eous phase to react with Si0 2 at the silicon oxide sur- 
face, thereby to be turned into SiO the saturated vapor 
pressure of which is high. Since SiH 2 is consumed on 
occasion, the etching at the Si surface is promoted. Fur- 
ther, in the case where the surfaces of Si oppose to each 
other, the etching rate is not considerably heightened, 
for the following reason: When Si atoms dissociated 
from the Si surface have reached its saturation concen- 
tration in a gaseous phase, the rate of the succeeding 
reaction is determined by the diffusion of the Si atoms 
in the gaseous phase. Nevertheless, the saturation con- 
centration of the dissociated Si atoms is not high. 
[0172] On the other hand, in the case where the sur- 
face Si0 2 is held in opposition to the surface Si, Si atoms 
dissociated from the Si surface arc consumed at the ox- 
ide film surface, and hence, the reaction further pro- 
ceeds. Since SiO produced on the side of the Si0 2 sur- 
face has a high vapor pressure, the rate of the reaction 
is more difficult to be determined than in the case of the 
opposition of the Si surfaces. 



[0173] In addition, the quantity of etching of a single- 
crystal silicon film in the case where the material of a 
surface opposing to the single<:rystal silicon film was 
SiC (silicon carbide), was substantially equal to that in 

s the case where the material of the opposing surface was 
silicon. Besides, in a case where the material of an op- 
posing surface was silicon nitride, the quantity of etching 
of a single-crystal silicon film was restrained similarly to 
that in the case where the material of the opposing sur- 

10 face was silicon. 

[01 74] More specifically, the quantity of etching of the 
single-crystal silicon film in the case where the material 
of the opposing surface is silicon oxide becomes about 
10 times as compared with that in the case where the 

is opposing surface, which opposes to the single-crystal 
silicon film in the heat treatment of this film as is per- 
formed in the atmosphere containing hydrogen, is made 
of silicon or a material which contains silicon and carbon 
as its main components and which does not contain ox- 

20 ygen as its main component. 

[0175] Further, the distance of the semiconductor 
base material to-be-etched from the opposing surface 
depends upon the size of a surface where the single- 
crystal silicon film as the semiconductor base material 

25 is existent. As regards the semiconductor base material 
having a diameter of at least 100 mm, the effect of in- 
creasing the etching rate as is based on the interaction 
with the opposing surface material is attained if the dis- 
tance is about 20 mm or shorter, more preferably 1 0 mm 

30 or shorter 

[0176] Still further, the etching rate of single-crystal 
silicon at the principal surface of the semiconductor 
base material in the heat-treating process which is per- 
formed in the reducing atmosphere containing hydro- 
ps gen, is increased in the presence of oxidizing impurities, 
such as a water content and an oxygen content, which 
are contained in the atmosphere gas. In order to sup- 
press the supplies of the oxidizing impurities, therefore, 
the flow velocity of the atmosphere gas in the vicinity of 

40 the principal surface is lowered. Thus, etching compo- 
nents ascribable to the impurity gases are decreased, 
so that the etching controllability of the present invention 
based on the interaction with the opposing surface is 
heightened. Especially in a case illustrated in Fig. 19 

^5 where a single-crystal silicon film 53 formed on the prin- 
cipal surface of a semiconductor base material 51 (con- 
stituting a wafer 1 ) through an insulator 52 is arranged 
in a core lube 50 so as to be normal to a gas flow 54, 
and where an opposing surface 55 made of silicon oxide 

so is arranged therein, the flow velocity 56 of an atmos- 
phere gas over the principal surface can be made sub- 
stantially zero, and the effect of etching based on the 
opposing silicon oxide can be sufficiently brought forth. 
[0177] Still further, in a case where silicon as a base 

55 material is etched by forming an opposing silicon oxide 
film on silicon or on a material which contains silicon and 
carbon as its main components and which does not con- 
tain oxygen as its main component, that is, which does 
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not react with the base material silicon through a gase- 
ous phase, the rate of the etching lowers to about 1/10 
when the silicon oxide film has been lost by the decrease 
of its thickness based on the etching. Therefore, when 
the thickness of the oxide silicon film is previously set 5 
at a thickness at which Si atoms equal in number to the 
amount of Si atoms corresponding to the thickness of 
the base material silicon intended to be removed by the 
etching are contained in the silicon oxide film, the 
amount of removal of the base material Si can be con- io 
trolled. Regarding a silicon oxide film formed by the ther- 
mal oxidation which is usually employed in a semicon- 
ductor process, the thickness of the opposing silicon ox- 
ide film may be set about 2.22 times the thickness of the 
silicon film intended to be removed. is 
[0178] When" the influences of opposing surfaces 
were estimated as to smoothening rough surfaces, no 
remarkable difference was noted. 
[0179] Fig. 20 is a schematic sideward sectional view 
showing a surface immediately after a remaining sepa- 20 
ration layer has been removed by etching, the surface 
being to be smoothened by hydrogen annealing. When 
the rough surface shown in Fig. 20 was heat-treated in 
a reducing atmosphere, it could be smoothened equally 
to the surface of a commercially-available silicon wafer 25 
as illustrated in Fig. 21 . In Figs. 20 and 21 . symbols W3 
and W4 denote an SOI substrate. 
[0180] It has been revealed that, when the surface (in 
Fig 20) of single-crystal silicon in which ruggedness is 
observed at a height h of several nm to several tens nm 30 
and a period P of several nm to several hundred nm is 
heat-treated in a reducing atmosphere (as hydrogen an- 
nealing), a surface (in Fig. 21) being as flat as the sur- 
face of the single-crystal silicon wafer is obtained at a 
level difference of several nm or below, and more pref- 35 
erably at a level difference of 2 nm or below under more 
appropriate conditions. 

[0181] It has also been revealed that the quantity of 
etching based on the hydrogen annealing can be con- 
trolled by properly selecting an opposing surface mate- -to 
rial which opposes to the SOI layer of the SOI substrate. 
[0182] This phenomenon is considered to be the re- 
construction of the surface rather than the etching. More 
specifically, in the rough surface, angled parts of high 
surface energy are innumerably existent, and the faces -*5 
of higher-order face orientations than the face orienta- 
tion of the crystal layer are exposed to the outer surface 
in large numbers. The surface energy levels of these 
regions are higher as compared with a surface energy 
level which depends upon the face orientation of the sin- so 
gle-crystal surface. With the heat treatment which is per- 
formed in the reducing atmosphere containing hydro- 
gen, the natural oxide film of the surface is removed by, 
for example, the reducing action of hydrogen. Moreover, 
during the heat treatment, no natural oxide film is pro- 55 
duced in consequence of the reducing action. It is there- 
fore considered that an energy barrier to the migration 
of surface Si atoms will lower, and that Si atoms excited 



by thermal energy will migrate to construct the flat sur- 
face of low surface energy. As the face orientation of the 
single-crystal surface is of lower indices, the flattening 
according to the present invention is promoted more. 
[0183] As explained above, the etching rate of silicon 
can be increased using silicon oxide as the material 
which opposes to the surface (SOI layer) to-be-proc- 
essed in the hydrogen annealing. In the present inven- 
tion, accordingly, even when a separation layer formed 
by ion implantation remains on the surface of the SOI 
layer after the step of separation, the remains of the sur- 
face of the SOI layer can be efficiently removed by the 
hydrogen annealing. 

[0184] With the atmosphere containing hydrogen, the 
rough surface can be satisfactorily smoothened even at 
a temperature of 1200°C or lower at which it cannot be 
smoothened with a nitrogen atmosphere or a rare gas 
atmosphere. The temperatures of the smoothening and 
etching operations according to the present invention 
should lie from about 300°C to below the fusion point of 
the material to-be-processed, preferably be 500° or 
higher, more preferably be 800°C or higher, and espe- 
cially be 1 200°C or higher, though they depend also up- 
on the compositions, pressures etc. of processing gas- 
es. Besides, in a case where the smoothening proceeds 
slowly, the heat-treating period of time is lengthened, 
whereby a smooth surface can be similarly obtained. 
Regarding the influence of the constituent material of 
the opposing surface, the pressure of the gas may be 
lowered, whereby the etching based on the interaction 
with the opposing surface can be made more efficient 
even for the same surface interval. This is because the 
diffusion length of gaseous molecules increase with the 
lowering of the pressure. 

[0185] Oxygen and water contents remaining in the 
atmosphere oxidize the surface of silicon and hinder the 
smoothening of the surface as a film while the temper- 
ature of the heat treatment is being raised. Therefore, 
the contents need to be suppressed low. At the high tem- 
perature of the heat treatment, the oxygen and water 
contents give rise to the unexpected decrease of the 
thickness of the silicon film on account of oxidation + 
etching. Therefore, the contents similarly need to be 
suppressed low. In terms of a dew point, the contents 
should desirably be controlled to -92° C or below. 
[0186] This phenomenon begins to proceed for the 
reason that a surface to-be-processed is heat-treated in 
a clean stale. Therefore, in such a case where the nat- 
ural oxide film is formed thick on the surface, it is re- 
moved by etching with dilute fluoric acid or the like in 
advance of the heat treatment. Thus, it is quickened to 
start the smoothening of the surface. 
[0187] The smooth single -crystal surface obtained in 
this way can be used favorably also from the viewpoint 
of the production of a semiconductor device. 
[0188] No remarkable difference dependent upon the 
material of an opposing surface was not noted as to the 
out-diffusion of boron from a Si layer attributed to a heat 
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treatment in an atmosphere containing H 2 - This is so 
construed that since the quantity ol boron contained in 
single -crystal silicon is smaller than about 1/100 relative 
to sil con the quantity of boron emitted into a gaseous 
phase will be much smaller than the quantity ol silicon 
emitted by etchmq and wil not become saturated 
[0189| Yonchara who is one of tie inventors of the 
present mvcn'or cl al have reported a process for 
manufacturing a oondod SOI suost-ate which is excel- 
lent in crystalhnity and the uniformity of a lilm thickness 
and which can bo batched (T Yorchafa et al Appi 
Phys Lett vol 64 2108 M994) and U S Patent No 
5 37' 037) 

(0190) An example of this process ts illustrated in the 
schema:*: scctonat flow charts of Fiqs 2^ to 3' Firs: 
a oorous materia layer 62 on a Si Substrate 61 is used 
hs the material Of selective CtChmq A non pcrots crys- 
tal St layer 63 ts caitaxially qrown on tnc pcrous material 
ta^cr 62 Thcrcattcr the resulting Si suOStrate 61 ts 
bonded wir» n second substrate 64 (hrouqf > «n oiOu Si 
layui 65 * F«_| 2 Q Subsequently tin,- ti*t >uLn»t ato 6t 
is thinned from its b^ck surface by a tkjukxJ such as 
gundinq until DOfOus S is exposed over tr>c wt>o*e %u* 
lace ol tno bonded sjbotrate structure »^»q 3D; Sufca*: 
qucntty the cxpooed porojs Si layer 62 *c cunod imd 
romcvod with h soloctrvo otchmg soiul ion sue* -*& kC>h 
or rt mixed so utton consisting o- H r • H-G^ «t »q 3t 
Thus tnc SOI substrate is obtained Atsc !^** c**c* 
h^dr rv-jon nnnprilmf] should desirably rv> p/>«t. »mwi tf r\ 
d^r iho ron'rol or the quantity of e!Ch ng n oroo* m 
fUttcn ^md smooihcn the surface of the SO aye* 63 
(0191] On this occason tne sc ectKX ir%i*c o* tfvo 
CtChnq of the porous Si layer 62 rcUtrvc tc buJ* S« w 
porous smqle<rystal Si) can oc set as suftic c*vty n*cT* 
as 100 000 limes Tnc SCI substrate can tnofc*o*c be 
formed n h slate where the non-porojs s»nq*ecry%i^ 
S» layer 63 qrown on the porous material 62 Detoi crvtoa 
is left behind on the second substrate 64 *nthcx/i ^n*xc 
ciabrv decroasmc the thickness of this Inyer 63 
(0192) further Sakagucni whe is one ol tnc r>veofo* s 
of the p esent invention ct al have dtsclosod tr><? u«c? 
th-it since the porous material layer 62 shown tn t »q ?<j 
c*hibils n lower mechanical strength etc as comti^od 
with *hc other req»ons the bonded substiate s.!jjci<j»o 
On h tq i'^ > c-nn be scpa'atcd by utili/mq tno po»Cii*» r?vt 
ICrial layer 62 (OfliCtal pa/Otte Of Japanese P*ieot A*, 
plcatior LnidOpen No 7-302859* 

|Ernbed merit 1 1 

[0193] The lirst embodiment of the prcscn* invert on 
will be described witn reference to Figs 2 to 6 
[0194] Referring to Fig 2. a first Si single cryst it too 
strato 1 0 is proparod At least, the principal surlaco Kto 
of the first substrate 10 is heat-treated in h roducmq *t 
mosphere containing hydrogen, thereby to torm me 
surface of tne subslrale 1 0 a surface layer poriinn - 
defective layer) 12 in which defects ascribabio to ouU 



are lessened. Although a region 11 and the less-defec- 
tive layer 12 are illustrated here so as to change abruptly 
at a certain boundary, they change gradually in their ac- 
tual situation. Thereafter, Si0 2 1 3 is formed in the sur- 
5 face layer of the resulting first substrate so as to space 
the level of a bonding interface from an active layer (an 
SOI layer 16 to be explained later). 
[0195] Subsequently, the ions of at least one element 
among a rare gas, hydrogen and nitrogen are implanted 
10 from the principal surface of the first substrate 1 0 bear- 
ing the insulator layer 1 3, thereby to form a separation 
layer (ion-implantation accumulation) 14 (Fig. 3). The 
separation layer 14 is formed within the less-defective 
layer 12. Since the ions are implanted into the less-de- 
'5 fective layer 12, the position of the separation layer 14 
can be defined strictly and uniformly. 
[0196] Subsequently, as shown in Fig. 4, the resulting 
first substrate 10 is bonded with a second substrate 15 
at a room temperature so that the insulator layer 1 3 may 
lie mside. 

[0197] Although Fig. 4 illustrates the state in which the 
second substrate 1 5 and the first substrate 1 0 are bond- 
ed to each other through the insulator layer 13, this in- 
sulator layer 1 3 may well be omitted in case of a second 
substrate which is not of Si. 

(0198) At the next step., the bonded substrate struc- 
ture is separated or divided at the separation layer 14 
i** KJ S) The separation is effected by heat-treating the 
nnrviod substrate structure at a temperature of 400° C 
to 600°C 

[0199] After the separation, defects such as micropo- 
res and dislocations are sometimes involved in the sep- 
aration layer 14 remaining on the second substrate 15, 
and hence, the remaining separation layer 14 is selec- 
tively removed. 

[0200] The selective removal is done using a desired 
etching solution. In a case where the remaining part of 
the separation layer 14 is slight, it can also be removed 
by hydrogen annealing. Alternatively, the ion-implanta- 
tion accumulation layer 14 is removed by selective pol- 
ishing in which the SOI layer 16 is used as a polishing 
stopper. The removal can also be done by ordinary pol- 
ishing, not by the selective polishing. 
[0201] Besides, in a case where the bonded substrate 
structure is separated at the interface between the SOI 
Uyo* 16 and the separation layer 14, the step of remov- 
ng tne remaining separation layer 1 4 can be dispensed 

with 

[0202] Fig. 6 shows a semiconductor substrate which 
is obtained according to the present invention. The sec- 
ond substrate 15 is overlaid with the SOI layer, for ex- 
ample, single-crystal Si thin film 16 which is flattened 
and is uniformly thinned, and which is formed in a large 
area over the whole wafer. When the first and second 
substrates are bonded together through the insulator 
tnycr 1 3. the semiconductor substrate thus obtained can 
hn appropriately used also from the viewpoint of produc- 
ing the isolated elements of an electron device. 
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[0203] The first Si single-crystal substrate 11 can be 
used as a new first Si single-crystal substrate 11 or the 
next second substrate 15 again after removing the re- 
maining ion-implantation accumulation layer 14 (and af- 
ter surface flattening in a case where the surlace o1 the 
first substrate 11 is rough lo an unallowable degree). 
[0204] The ion-implantation accumulation 14 on the 
first substrate side can also be reused through only a 
surface flattening process such as the heat treatment in 
the hydrogen containing atmosphere as explained 
above. 

[Embodiment 2] 

[0205] The second embodiment ol the present inven- 
tion will be described with reference to Figs 7 to 11. 
[0206] Relernng to Hg / a first Si single-crystal sub- 
strate 21 is prepared The ions of at least one element 
among a rare gas. hydrogen ana nittogon are implanted 
fiom the principal surface ci trie fust substrate 21. there- 
by to form ion-implanta:iun rtucu nuL-itmrt [ri separation 
layer) 24 within the fust suDsidto 21 The previous for- 
mation of Si0 2 23 as a surWc i^ycr is more favorable 
for the reason that the suri.tce c* trc » rst substrate 21 
crin be prevented from be«na roughened by ftic ion im- 
plantation In tho caso who o x^o S*C . layo- 23 has been 
formed it is removed T^cfo^Mo* h? k>--tst the side of the 
pnncipa 1 surface of tnc sut>«»ff-ito ?i is ^o*t troa:od in a 
reducing atmosphere rnni^rr-r*'-; r>yntor>r»n 'hereby to 
form in the surlace cf trr s*rf>sif^io ?i.'h tiyor iiess-de- 
fcrtivc layer 22) in when co'ects ^scntviCk? to Culk are 
lessened (Fig 5) In this er-itxxj»rnent tnc nydroqcn an- 
nealing should desirably bo tcfi^*moc at a tower tem- 
perature of 500°C or lowc o to* * sfxxior tmc period 
ol several seconds to several tens soconos Herein el- 
cment structures such as MOS^ E Ts rrvfy won do formed 
in the less-dclectivc layer 22 further 'he ptcvous for- 
mation ol SiCK 25 as the suriaco layc* o r the icss-de- 
fcclive layer 22 is more favor «tDie n the sense thai the 
level ol a bonding interface can do spaced from the ac- 
tive layer 22 As shown m Fig c. mc surfaces of a sec- 
ond substrate 26 and the result mq first subsfrafc 21 are 
bonded together at room temoeraturc 
(0207J In a case where the bonding strength of both 
tho substrates is not sufficient the bonood substrate 
structure is heat-treated at acou" 400°C cx rs pressed 
[0208] Subsequently the bonccd suoslatc structure 
is sepaialed or divided at the separation layer ?4 (Fig 
10) The separation is Uu»«e by a method in winch a fiuid. 
for example, a liquid such ris water or a gas such as 
nitrogen gas is sprayec against the side surface of the 
bonded substrate structure Of course the separation 
is not restricted lo the method but it may well be done 
by driving in a wedge or applying a tonsilo forco 
[0209] Since defects such as micropores and disloca- 
tions are sometimes involved in the separation layer 24 
remaining on the second substrate 26 the remaining 
separation layer 24 is selectively removed 



[0210] The selective removal of the remaining sepa- 
ration layer 24 can be done with an etching solution, or 
by selective polishing in which the SOI layer 22 is used 
as a polishing stopper. In a case where the remaining 

5 part of the separation layer 24 is very thin or slight, it 
can also be selectively removed by hydrogen annealing. 
In this case, in order to increase the rate of etching 
based on the hydrogen annealing, a substrate bearing 
silicon oxide (Si0 2 ) at its surface should desirably be 

io opposed to the remaining separation layer 24 as an op- 
posing material. 

[0211] It is also allowed to properly combine two or 
three of the removing methods; the removal with the 
etching solution, the removal based on the polishing, 

is and the removal based on the hydrogen annealing. 
[0212] Fig. 11 shows a semiconductor substrate 
which is obtained according to the present invention. 
The second substrate 26 is overlaid with the single-crys- 
tal Si thin film 22 which is flattened and is uniformly 

20 thinned, and which is formed in a large area over the 
whole wafer. When the first and second substrates are 
bonded together through the insulator layer 25, the sem- 
iconductor substrate thus obtained can be appropriately 
used also from the viewpoint of producing the isolated 

2S elements of an electron device. 

[021 3] In this embodiment, the less-defective layer 22 
is formed after the formation of the separation layer 24. 
It is therefore possible to obtain the SOI layer 22 from 
which even defects ascribable to the ion implantation for 

30 forming the separation layer 24 have been excluded. 
[0214] By the way, in a case where the separation of 
the bonded substrate structure at the separation layer 
24 is done at the interface between the SOI layer 22 and 
the separation layer 24, the step of removing the remain- 

3S ing separation layer is omitted, or the surface of the SOI 
layer 22 is somewhat etched by hydrogen annealing. 
[0215] The first Si single-crystal substrate 21 can be 
used as a new first Si single -crystal substrate 21 or the 
next second substrate 26 again after removing the re- 

■10 maining separation layer 24 (and after surlace flattening 
in a case where the surface of the first substrate 21 is 
rough to an unallowable degree). Of course, when the 
separation at the separation layer 24 is done at the in- 
terface between the second substrate 26 and the sep- 

J 5 aration layer 24, the step of removing the remaining sep- 
aration layer 24 can be dispensed with. 
[0216] The separation layer 24 on the first substrate 
side can also be reused through only a surface flattening 
process such as the heat treatment in the hydrogen con- 

50 taining atmosphere as explained above. 

[0217] in the heat treatment which is performed in the 
reducing atmosphere containing hydrogen, when the re- 
maining surface of the separation layer 24 of the second 
substrate 26 bearing the SOI layer 22 is held in opposi- 

55 tion to silicon oxide, the opposing silicon oxide and the 
constituent silicon of the separation layer 24 react 
through the atmosphere as: 
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Si + Si0 2 -» 2SiO 

It is therefore possible to efficiently remove the remain- 
ing separation layer 24. Simultaneously, the migration 
of Si proceeds so as to lower the surface energy of the 
SOI layer 22, with the result that the surface of this layer 
22 is smoothened. 

[Embodiment 3] 

[021 8] The third embodiment of the present invention 
will be described with reference to Figs. 12 to 14. 
[0219] As illustrated in Fig. 12, the above-explained 
steps in Embodiments 1 or 2 are performed on both the 
surfaces of a first substrate by employing two second 
substrates. This is intended to manufacture two semi- 
conductor substrates (SOI substrates) at the same time. 
[0220] In Fig. 1 2, numeral 31 designates the first sub- 
strate, numerals 32 and 35 designate ion-implanted lay- 
ers (separation layers), numerals 33 and 36 designate 
less-defective layers, numerals 34 and 37 designate 
Si0 2 layers, and numerals 38 and 39 designate the sec- 
ond substrates. Fig. 12 is a sectional view showing a 
state whore, after both the surfaces of the first substrate 
31 have been subjected to the steps explained in Em- 
bodiment 1, the second substrates 38 and 39 are re- 
spectively bonded onto the surfaces of the resulting first 
substrate 31 Fig 1 3 is a sectional view showing a state 
where the bonded substrate structure has been sepa- 
rated or divided at the separation layers 32 and 35 like- 
wise to the separation in Embodiment 1, while Fig. 14 
is a sectional view showing a state where the separation 
layers 32 and 35 have been removed. Of course, the 
removal of the remaining separation layers can be omit- 
ted when the bonded substrate structure is separated 
at the interfaces between the separation layer 32 and 
the I ess -defective layer 33 and between the separation 
layer 35 and the less-defective layer 36. 
[0221] The first Si single-crystal substrate 31 can be 
used as a new first Si single-crystal substrate 31 or the 
next second substrate 38 (or 39) again after removing 
the remaining ion-implantation accumulation layers 32 
and 35 (and after surface flattening in a case where the 
surfaces of the first substrate 31 are rough to an unal- 
lowable degree). 

[0222] The ion-implantation accumulation layers 32 
and 35 on the first substrate side can also be reused 
through only a surface flattening process such as the 
heat treatment in the hydrogen containing atmosphere 
as explained before. 

[0223] The supporting substrates 38 and 39 need not 
be the same substrates. Besides, the insulator layers 
34 and 37 may well be omitted. 

[0224] Now, examples of the embodiments of the 
present invention will be described in detail with refer- 
ence to the drawings. 



(EXAMPLE 1) 

[0225] There were prepared two, first single-crystal Si 
substrates (8 inches in diameter) fabricated by the CZ 

s method. Each of the first substrates was subjected to 
hydrogen annealing, to enhance the quality of its sur- 
face layer, in other words, to form a less-defective layer 
in its surface. The hydrogen annealing was performed 
under the conditions of an atmosphere of H 2 gas, a tem- 

to perature of 1 200°C and for a time period of one hour. 
[0226] After one of the two CZ silicon wafers stated 
above was cleaned with the SC-1 washing liquid (a 
mixed solution consisting of 1 .0 weight-% of NH 4 OH, 6.0 
weight-% of H 2 0 2 , and water), the number of COPs in- 

is volved in the surface of the washed wafer was detected 
by a foreign-matter inspection device. Then, the number 
of COPs was 8 per unit water. That is, the density of 
COPs was about 0.02/cm 2 . Herein, particles whose siz- 
es were approximately more than 0. 1 pirn were detected 

20 as the COPs. 

[0227] Incidentally, the number X of COPs per unit 
wafer shall be expressed as "XAAT below. 
[0228] The surface of the first substrate (the other CZ 
silicon wafer) was formed with an Si0 2 layer of 200 nm 

25 by thermal oxidation. Further, ions were implanted 
into the first substrate through the surface Si0 2 layer 
thereof under the conditions of an acceleration energy 
of 40 keV and a dose of 5 x 10 16 cm' 2 . The projection 
range of the ion implantation was adjusted so as to lie 

30 within the less-defective layer. Thus, the first substrate 
came to have the single-crystal silicon layer (SOI layer 
or less-defective layer) on a separation layer. 
[0229] The surface of the resulting first substrate on 
the Si0 2 layer side thereof was placed on and touched 

35 with the surface of a Si substrate (second substrate) pre- 
pared separately. When the touched substrate structure 
was heat-treated at 600°C, it was separated or divided 
into two parts near the projection range of the ion im- 
plantation. Since the ion-implanted layer (separation 

40 layer) was porous, the surfaces of the separated parts 
were rough. The separation layer remaining on the re- 
sulting second substrate was removed in such a way 
that the surface of the second substrate side was selec- 
tively etched while a mixed solution consisting of 49% 

45 of hydrofluoric acid, 30% of hydrogen peroxide and wa- 
ter was being stirred. The single-crystal Si of the SOI 
layer remained without being etched, and the ion-im- 
planted layer was selectively etched and completely re- 
moved with the single-crystal Si as an etch stopping ma- 

50 terial. 

[0230] The rate of the etching of the non-porous Si 
single crystal by the above etching liquid is very low, and 
the quantity of the etching of the Si single crystal (on the 
order of several tens angstroms) corresponds to a thick- 
55 ness decrease which is negligible in practical use. 

[0231] Apart from the selective etching, non-selective 
etching or polishing such as touch-polish and CMP can 
be employed for removing the ion-implanted layer. This 
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is the same to other examples. In case of the polishing, 
the surface of the SOI substrate need not be flattened 
by a heat treatment in hydrogen. However, in a case 
where polishing damages remain, it is more favorable 
to perform the heat treatment or to remove the surface 
layer of the SOI substrate. 

[0232] Concretely, a single-crystal Si layer having a 
thickness of 0.2 jam could be formed on the Si oxide film. 
The thickness of the formed single-crystal Si layer was 
measured at 100 points over the whole surface of the 
SOI substrate. Then, the uniformity of the layer thick- 
ness was 201 nm ± 6 nm. In this manner, the manufac- 
tured SOI substrate was very excellent in the uniformity 
of the thickness of the SOI layer. The number of COP 
defects involved in the surface of the SOI layer was 
65/W. Since the number ol COPs involved in the surface 
of an ordinary CZ wafer is 400/W or so. it is understood 
that the SOI layer being much less defective has been 
obtained according to the present invention. 
[0233] Further, the SOI substrate was heal-trealed at 
1100 3 C in hydrogen for one hour. When the surface 
roughness of the resulting SOI substrate was estimated 
with an interatomic-force microscope, the root-mean- 
square thereof (R^) in a region of 50 pm-square was 
about 0.2 nm and was equivalent to that of an ordinary 
Si waler commercially available. The number of COPs 
involved in the surface of the SOI layer was 8/W. 
[0234] Incidentally, when the SOI layer is subjected to 
hydrogen annealing after the separation step, the 
number of COPs in the outermost surface of the SOI 
layer can be further lessened, and the distribution of de- 
fects within the SOI layer can be uniformalized. These 
effects will be concretely explained in conjunction with 
Fiq 23 

[0235] Fig. 23 is a graph showing the relationship be- 
tween the number of COPs per unit wafer and a depth 
Irom a wafer surface, as to each of a CZ silicon wafer 
(8 inches in diameter) and a wafer obtained by subject- 
ing the CZ silicon wafer to hydrogen annealing ("NIKKEI 
MICRODEVICE", Feb. issue (1998), p. 31). In the CZ 
silicon wafer subjected to the hydrogen annealing, the 
number of COPs is the smallest in the vicinity of the wa- 
fer surface and becomes larger with the depth from the 
water surface as seen from the graph, though the situ- 
ation dillers depending also upon the conditions of the 
hydrogen annealing. 

[0236] By way of example, an SOI substrate is formed 
in such a way that (he projection range of ions (a sepa- 
ration layei) is set near 400 nm fiom the surface of the 
CZ silicon wafer having undergone the hydrogen an- 
nealing, that the resulting wafer is bonded with a second 
substrate, and that the bonded structure is thereafter 
separated at the separation layer. In this case, the 
number of COPs is the largest at the outermost surface 
of an SOI layer, and it becomes smaller as the interface 
between the SOI layer and an insulator layer comes 
nearer. Accordingly, in a case where the number of 
COPs in the vicinity of the surface of the SOI layer needs 



to be further decreased, it is more favorable to perform 
the hydrogen annealing even after the separation step. 
On this occasion, both the surfaces of the SOI layer are 
made less defective by the hydrogen annealing. 

5 [0237] By the way, in order to facilitate the detection 
of the number (density) of COPs involved in the surface 
of the SOI layer, the SOI substrate was processed with 
the SC-1 liquid (a mixed solution consisting of 1.0 
weight-% of NH 4 OH, 6.0 weight-% of H 2 0 2 , and water) 

10 for 10 minutes. Besides, the detection was done using 
a surface-particle inspection instrument (for example, 
"SP-1 " fabricated by KLA Tencor Inc.). . 
[0238] Even when the separated SOI substrate left in- 
tact is heat-treated in hydrogen without removing the re- 

15 maining ion-implanted layer, the exclusion of micropo- 
res and defects and the flattening of the surface of the 
SOI layer are simultaneously caused by the migration 
of Si, with the result that the ion-implanted layer is ex- 
tinguished. 

20 [0239] The section of the Si layer was observed with 
a transmission electron microscope. As a result, it was 
confirmed that no new crystal defect was introduced into 
the Si layer, and that a good crystallinity was kept in the 
Si layer. 

2S [0240] Also, the ion-implanted layer remaining on the 
first substrate side was selectively etched while a mixed 
solution comprising of 49% concentration of hydrofluoric 
acid, 30% concentration of hydrogen peroxide and wa- 
ter was being stirred. Thereafter, the first substrate was 

30 subjected to a surface process such as hydrogen an- 
nealing or surface polishing. The resulting first substrate 
could be used as a new first substrate or a new second 
substrate again. 

[0241] Even when the separated first substrate left in- 
35 tact is heat-treated in hydrogen without removing the re- 
maining ion-implanted layer, the exclusion of micropo- 
res and defects and the flattening of the surface of the 
substrate are simultaneously caused by the migration 
of Si, with the result that the ion-implanted layer is ex- 
•to tinguished. 

[0242] Incidentally, the ion-implanted region also ex- 
hibits a gettering effect. Even in the presence of metal 
impurities, it is possible to separate the two bonded sub- 
strates after the impurities have been gettered by the 
•*s ion-implanted region, and to thereafter remove the re- 
sulting ion-implanted region. Therefore, the SOI sub- 
strate according to the present invention is also effective 
in case of contamination with the impurities. 

50 (EXAMPLE 2) 

[0243] There were prepared two, first single-crystal Si 
substrates (8 inches in diameter) fabricated by the CZ 
method. Each of the first substrates was heat-treated 
55 under conditions mentioned below, to enhance the qual- 
ity of its surface layer. One of the two first substrates 
was used for an analysis. 

[0244] The heat treatment (hydrogen annealing) was 
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performed under the conditions of an atmosphere of H 2 
gas, a temperature of 1200°C and for a time period of 
two hours, whereby a less-defective layer was formed 
in the surface of each first substrate When the number 
of COPs involved in the surface layer of the first sub- 
strate for the analytic use was inspected with a foreign- 
matter inspection device, it was about 5/W. 
[0245] Further, ions H + were implanted into the first 
substrate under the conditions of an acceleration volt- 
age of 50 keV and a dose of 6 x 10 16 cnr 2 The projec- 
tion range of the ion implantation lay in the vicinity of 
about 600 nm measured from the surface of the sub- 
strate. 

[0246] The surface of the resulting first substrate was 
placed on and touched with the surface of a Si substrate 
(second substrate) which was formed with an Si0 2 layer 
of 500 nm and which whs prepared separately. When 
the touched substrate structure was annealed at 550°C, 
it was separated or divided into two parts near the pro- 
jection range of the ion implantation Smce the ion-im- 
planted layei waspoio^b Hhj :>urtrw.e:>of the separated 
parts were rough The surface on the seconc substrate 
side was selectively etched *rfnie * Timed so ution con- 
sisting of 49% of flucne iicid 3CT- of hySfcqen peroxide 
and water was being stirred The or-qic crystal Si of the 
SOI layer remained without tx>«oq cxcrx>a ^nd tho lon- 
implanted layer was sok>c'»vc»y otchoc arO completely 
removed with the single -crystal S< *s *n etch slopping 
material 

[0247] Apart from the semctivn mrnmq -selective 
etching or polishing can be empoyed 'or removing the 
ion-implanted layer sn case of me pcnisnifv.j me surface 
of the SOI suostratc need not be 'Ut en->d by a heat 
treatment in hydrogen Hcwevcr n * ::ase where pol- 
ishing damages remain it is rrxxc tavo able *o pcrlorm 
tho heat treatment c to remove the surface inyer ot the 
SOI substrate 

[0248] The rate of the cichmc ot the non po'ous Si 
single crystal by the abeve eichinq liquid is very low and 
the quantity of the etching ot the Si smqie crystal tor the 
order of several tensan^st-omsi corresponds to a thick- 
ness decrease which is neqttgibie in ptnc\tcn\ use 
[0249] Thereafter orly the extreme surface of the 
non -porous Si single crystal whs lia'tencd by polishing 
[0250] Concretely a smcie-crysla bi layer fbCi layer) 
having a thickness of 0 5 m™ could be formed on the Si 
oxide film. The thickness of the formed single -crystal Si 
layer was measurec a I 100 pomtb ovlm I tic whole sui- 
tace of the SOI substinlu Then the umloirnty of ttte 
layer thickness was 49c nm i 15 nm The number of 
COPs involved in the surface of the SOI layer was on 
the order of 50/W In this manner the number o* COPs 
was 50/W in the outer surface of the SOI layer Besides, 
the number of COPs within tho SOI layer on tho Si oxide 
film side thereof was 5/W It is accordingly understood 
that the density of the COPs lowers from tho outer sur- 
face of the SOI layer toward the interior thereof Since 
the number of COPs involved in the surface of an ordi- 



nary CZ wafer is 400/W or so, it is understood that the 
SOI layer is made much less defective according to the 
present invention. 

[0251] When the surface roughness of the resulting 
5 SOI substrate was estimated with an interatomic-force 
microscope, the root-mean-square thereof (R^) in a 
region of 50 u.m-square was about 0.2 nm and was 
equivalent to that of an ordinary Si wafer commercially 
available. 

10 [0252] The section of the Si layer was observed with 
a transmission electron microscope. As a result, it was 
confirmed that no new crystal defect was introduced into 
the Si layer, and that a good crystallinity was kept in the 
Si layer. 

15 [0253] By the way, when the SOI substrate obtained 
in this example is further subjected to hydrogen anneal- 
ing, the number of COPs involved in the surface of the 
SOI layer can be further lessened to become closer to 
the number of COPs (5/W) involved in the interior of the 

20 SOI layer vicinal to the Si oxide film. 

[0254] In this manner, both the surfaces of the single- 
crystal silicon layer being the SOI layer on the Si oxide 
film are subjected to the hydrogen annealing, whereby 
the defects of COPs etc. inherent in the bulk wafer as 

2S arc involved in the SOI layer can be decreased. Even if 
the defects remain yet, the distribution thereof can be 
substantially unformalized within the SOI layer. 
[0255] Also, the ion-implanted layer remaining on the 
first substrate side was selectively etched while a mixed 

30 solution consisting of 49% of hydrofluoric acid, 30% of 
hydrogen peroxide and water was being stirred. There- 
after, the first substrate was subjected to a surface proc- 
ess such as hydrogen annealing or surface polishing. 
The resulting first substrate could be used as a new first 

35 substrate or a new second substrate again. 

[0256] Even when the separated first substrate left in- 
tact is heat-treated in hydrogen without removing the re- 
maining ion-implanted layer, the exclusion of micropo- 
res and defects and the flattening of the surface of the 

-to substrate are simultaneously caused by the migration 
of Si, with the result that the ion-implanted layer is ex- 
tinguished. 

(EXAMPLE 3) 

[0257] There was prepared a first single-crystal Si 
substrate (8 inches in diameter) fabricated by the CZ 
method. The first substrate was heat-treated to enhance 
the quality of its surface layer. As the heat treatment, 

50 hydrogen annealing was performed under the condi- 
tions of an atmosphere of H 2 gas, a temperature of 
1200°C and for a time period of four hours. 
[0258] Further, the surface of the substrate was 
formed with an Si0 2 layer of 200 nm by thermal oxida- 

55 tion. Besides, ions H + were implanted into the substrate 
through the surface Si0 2 layer thereof under the condi- 
tions of an acceleration voltage of 40 keV and a dose of 
5 x 10 16 cm-2 
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[0259] The surface of the resulting first substrate was 
placed on and touched with the surface of a Si substrate 
(second substrate) at a room temperature, the second 
substrate having been formed with an Si0 2 layer of 500 
nm and prepared separately. Subsequently, the touched 5 
substrate structure was annealed at 300°C so as to 
strengthen the bonding force of the first and second sub- 
strates. Thereafter, the bonded substrate structure was 
separated or divided at a separation layer (ion-implant- 
ed layer formed by the ion implantation stated above) io 
by spraying a water jet with high water pressure (about 
200 kg-f/cm 2 ) against the peripheral side surface of this 
bonded substrate structure. Herein, the bonded sub- 
strate structure was separated into two parts near the 
projection range of the ion implantation. Since the ion- *5 
implanted layer was porous, the surfaces of the sepa- 
rated parts were rough. The surface on the second sub- 
strate side was selectively etched to remove the remain- 
ing pan of the separation layer, while a mixed solution 
consisting of 49% of fluoric acid, 30% of hydrogen per- 20 
oxide and water was being stirred. The single-crystal Si 
of an SOI layer formed remained without being etched, 
and the ion-implanted layer was selectively etched and 
completely removed with the single-crystal Si as an etch 
stopping material. 25 
[0260] Apart from the selective etching, non-selective 
etching or polishing can be employed for removing the 
ion-implanted layer. In case of the polishing, the surface 
of the SOI substrate formed need not be flattened by a 
heat treatment in hydrogen However, in a . case where 30 
polishing damages remain, it is more favorable to per- 
form the heat treatment or to remove the surface layer 
of the SOI substrate. 

[0261] The rate of the etching of the non-porous Si 
single crystal by the above etching liquid is very low, and 35 
the quantity of the etching of the Si single crystal (on the 
order of several tens angstroms) corresponds to a thick- 
ness decrease which is negligible in practical use. 
[0262] Concretely, a single-crystal Si layer having a 
thickness of 0.2 um could be formed on the Si oxide film. 40 
The thickness of the formed single-crystal Si layer was 
measured at 100 points over the whole surface of the 
SOI substrate. Then, the uniformity of the layer thick- 
ness was 201 nm ± 5 nm. 

[0263] Further, the SOI substrate was subjected to a 
heat treatment at n00°C in hydrogen for one hour. 
When the surface roughness of the resulting SOf sub- 
strate was estimated with an inleralomic-force micro- 
scope, the root-mean-square thereof (R rms ) in a region 
of 50 pm-square was about 0.2 nm and was equivalent so 
to that of an ordinary Si wafer commercially available. 
After the surface of the single-crystal silicon layer on the 
Si0 2 layer was washed with the SC-1 washing liquid, 
the number of COPs involved in the washed surface was 
measured by a foreign-matter inspection device. Then, S5 
the number of COPs was 3/W. 

[0264] Incidentally, even when the separated SOI 
substrate left intact is heat-treated in hydrogen without 



removing the remaining ion-implanted layer, the exclu- 
sion of micropores and defects and the flattening of the 
surface of the SOI layer are simultaneously caused by 
the migration of Si, with the result that the ion-implanted 
layer is extinguished. 

[0265] The section of the Si layer was observed with 
a transmission electron microscope. As a result, it was 
confirmed that no new crystal defect was introduced into 
the Si layer, and that a good crystallinity was kept in the 
Si layer. 

[0266] Also, the ion-implanted layer remaining on the 
first substrate side was selectively etched while the 
mixed solution consisting of 49% of hydrofluoric acid, 
30% of hydrogen peroxide and water was being stirred. 
Thereafter, the first substrate was subjected to a surface 
process such as hydrogen annealing or surface polish- 
ing. The resulting first substrate could be used as a new 
first substrate or a new second substrate again. 
[0267] Even when the separated first substrate left in- 
tact is heat-treated in hydrogen without removing the re- 
maining ion-implanted layer, the exclusion of micropo- 
res and defects and the flattening of the surface of the 
SOI layer are simultaneously caused by the migration 
of Si, with the result that the ion-implanted layer is ex- 
tinguished. 

[0268] Although the bonded substrate structure was 
separated by the water jet in this example, it can alter- 
natively be separated by spraying a gas, such as nitro- 
gen gas. under high pressure. 

(EXAMPLE 4) 

[0269] There was prepared a first single-crystal Si 
substrate (8 inches in diameter) fabricated by the CZ 
method. The first substrate was heat-treated to enhance 
the quality of its surface layer. As the heat treatment, 
hydrogen annealing was performed under the condi- 
tions of an atmosphere of H2 gas, a temperature of 
1100°C and a time period of four hours. 
[0270] Further, the surface of the substrate was 
formed with an Si0 2 layer of 200 nm by thermal oxida- 
tion. Besides, ions H + were implanted into the substrate 
through the surface Si0 2 layer thereof under the condi- 
tions of an acceleration voltage of 40 keV and a dose of 
5 x I0 16 cm" 2 . 

[0271] The surface of the Si0 2 layer of the first sub- 
strate and the surface of a fused-quanz substrate (sec- 
ond substrate) separately prepared were processed 
with a plasma, and were washed with water. Thereafter, 
the first and second substrates were placed on and 
touched with each other. When the touched substrate 
structure was annealed at 600°C, it was separated or 
divided into two parts near the projection range of the 
ion implantation. Since the ion-implanted layer was po- 
rous, the surfaces of the separated parts were rough. 
The surface on the second substrate side was selective- 
ly etched while a mixed solution consisting of 49% of 
fluoric acid, 30% of hydrogen peroxide and water was 
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being stirred. The single-crystal Si of the SOI layer 
formed remained without being etched, and the ion-im- 
planted layer was selectively etched and completely re- 
moved with the single-crystal Si as an etch stopping ma- 
terial. 

[0272] Apart from the selective etching, non-selective 
etching or polishing can be employed for removing the 
ion-implanted layer. In case of the polishing, the surface 
of the SOI substrate formed need not be flattened by a 
heat treatment in hydrogen. However, in a case where 
polishing damages remain, it is more favorable to per- 
form the heat treatment or to remove the surface layer 
of the SOI substrate. 

[0273] The rate of the etching of the non-porous Si 
single crystal by the above etching liquid is very low, and 
the quantity of the etching of the Si single crystal (on the 
order of several tens angstroms) corresponds to a thick- 
ness decrease which is negligible in practical use. 
[0274] Concretely, a single-crystal Si layer having a 
Ihickness of 0.2 jam could be formed on the transparent 
quartz substrate. The thickness of the formed single- 
crystal Si layer was measured at 100 points over the 
whole surface of the SO! substrate. Then, the uniformity 
of the layer thickness was 201 nm + 6 nm. When the 
number of COPs involved in the surface of the single- 
crystal Si layer was measured, it was about 80/W. 
[0275] Further, the SOI substrate was subjected to a 
heat treatment at 1100°C in hydrogen for one hour. 
When the surface roughness of the resulting SOI sub- 
strate was estimated with an interatomic-force micro- 
scope, the root-mean-square thereof (R rms ) in a region 
of 50 um-square was about 0 2 nm and was equivalent 
to that of an ordinary Si wafer commercially available. 
[0276] Even when the separated SOI substrate left in- 
tact is heat-treated in hydrogen without removing the re- 
maining ion-implanted layer, the exclusion of micropo- 
res and defects and the flattening of the surface of the 
SOI layer are simultaneously caused by the migration 
of Si. with the result that the ion-implanted layer is ex- 
tinguished. 

[0277] The section of the Si layer was observed with 
a transmission electron microscope. As a result, it was 
confirmed that no new crystal defect was introduced into 
the Si layer and that a good crystallmity was kept in the 
Si layer. 

[0278] Also, the ion-implanted layer remaining on the 
first substrate side was selectively etched while the 
mixed solution consisting of 49% of fluoric acid, 30% of 
hydrogen peroxide and water was being stirred. There- 
after, the first substrate was subjected to a surface proc- 
ess such as hydrogen annealing or surface polishing. 
The resulting first substrate could be used as a new first 
substrate or a new second substrate again. 
[0279] Even when the separated first substrate left in- 
tact is heat-treated in hydrogen without removing the re- 
maining ion-implanted layer the exclusion of micropo- 
res and defects and the flattening of the surface of the 
SOI layer are simultaneously caused by the migration 



of Si, with the result that the ion-implanted layer is ex- 
tinguished. 

(EXAMPLE 5) 

5 

[0280] There were prepared two, first single-crystal Si 
substrates (8 inches in diameter) fabricated by the CZ 
method. Each of the first substrates was heat-treated to 
enhance the quality of its surface layer. More specifical- 
io |y, the heat treatment was performed under the condi- 
tions of a mixed atmosphere consisting of 4% of H 2 gas 
and 96% of Ar gas, a temperature of 1 1 00°C and a time 
period of four hours. Thus, a less-defective layer was 
formed in the surface of the first substrate. 
is [0281] When the number of COPs involved in the sur- 
face layer of one of the two first substrates was meas- 
ured, it was 30A/V. 

[0282] Subsequently the surface of the other first 
substrate was formed with an Si0 2 layer of 200 nm by 
thermal oxidation. Besides, ions H + were implanted into 
the substrate through the surface Si0 2 layer thereof un- 
der the conditions of an acceleration voltage of 60 keV 
and a dose of 5 x 10 16 cm" 2 

[0283] The surface of the Si0 2 layer of the first sub- 
strate and the surface of a sapphire substrate (second 
substrate) separately prepared were processed with a 
plasma, and were washed with water. Thereafter, the 
first and second substrates were placed on and touched 
with each other. When the touched substrate structure 
was annealed at 600°C, it was separated or divided into 
two parts near the projection range of the ion implanta- 
tion. Since the ion-implanted layer was porous, the sur- 
faces of the separated parts were rough. The surface 
on the second substrate side was selectively etched 
while a mixed solution consisting of 49% of fluoric acid, 
30% of hydrogen peroxide and water was being stirred. 
The single-crystal Si of the SOI layer formed remained 
without being etched, and the ion-implanted layer was 
selectively etched and completely removed with the sin- 
gle-crystal Si as an etch stopping material. 
[0284] Apart from the selective etching, non -selective 
etching or polishing can be employed for removing the 
ion-implanted layer. In case of the polishing, the surface 
of the SOI substrate formed need not be flattened by a 
heat treatment in hydrogen. However, in a case where 
polishing damages remain, it is more favorable to per- 
form the heat treatment or to remove the surface layer 
of the SOI substrate. 

[0285] The rate of the etching of the non-porous Si 
single crystal by the above etching liquid is very low, and 
the quantity of the etching of the Si single crystal (on the 
order of several tens angstroms) corresponds to a thick- 
ness decrease which is negligible in practical use. 
[0286] Thereafter, only the extreme surface of the 
non-porous Si single crystal was flattened by polishing. 
[0287] Concretely, a single-crystal Si layer having a 
thickness of 0.4 j.im could be formed on the transparent 
sapphire substrate. The thickness of the formed single- 
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crystal Si layer was measured at 100 points over the 
whole surface of the SOI substrate. Then, the uniformity 
of the layer thickness was 402 nm ± 12 nm. When the 
number of COPs involved in the surface of the single- 
crystal Si layer was measured, it was about 1 20/W. s 
[0288] When the surface roughness of the resulting 
SOI substrate was estimated with an interatomic-force 
microscope, the root-mean-square thereof (Rrms) in a 
region of 50 u.m-square was about 0.2 nm and was 
equivalent to that of an ordinary Si wafer commercially 
available. 

[0289] The section of the Si layer was observed with 
a transmission electron microscope. As a result, it was 
confirmed that no new crystal defect was introduced into 
the Si layer, and that a good crystallinity was kept in the 
Si layer. 

[0290] Also, the ion-implanted layer remaining on the 
first substrate side was selectively etched while the 
mixed solution consisting of 49% of fluoric acid, 30% of 
hydrogen peroxide and water was being stirred. There- 
after, the first substrate was subjected to a surface proc- 
ess such as hydrogen annealing or surface polishing. 
The resulting first substrate could be used as a new first 
substrate or a new second substrate again. 
[0291 ] Even when the separated first substrate left in- 
tact is heat-treated in hydrogen without removing the re- 
maining ion-implanted layer, the exclusion of micropo- 
res and defects and the flattening of the surface of the 
substrate are simultaneously caused by the migration 
of Si, with the result that the ion-implanted layer is ex- 
tinguished. 

(EXAMPLE 6) 

[0292] There were prepared first single-crystal Si sub- 
strates fabricated by the CZ method. Each of the first 
substrates was heat-treated to enhance the quality of 
its surface layer. More specifically, hydrogen annealing 
as the heat treatment was performed under the condi- 
tions of an atmosphere of H 2 gas, a temperature of 
1150'C and a time period of 10 minutes. 
[0293] Further, the surface of each of the first sub- 
strates was formed with an Si0 2 layer of 200 nm by ther- 
mal oxidation. Besides, ions H + were implanted into the 
substrate through the surface Si0 2 layer thereof under 
the conditions of an acceleration voltage of 70 keV and 
a dose of 5 x 10 16 enrr 2 . 

[0294] The surface of the Si0 2 layer of the first sub- 
strate and the surface of a glass substrate (second sub- 
strate) separately prepared were processed with a plas- 
ma, and were washed with water. Thereafter, the first 
and second substrates were placed on and touched with 
each othor. When the touched substrate structure was 
annealed at 600° C, it was separated or divided into two 
parts near the projection range of the ion implantation. 
Since the ion-implanted layer was porous, the surfaces 
of the separated parts were rough. The surface on the 
second substrate side was selectively etched while a 



mixed solution consisting of 49% of fluoric acid, 30% of 
hydrogen peroxide and water was being stirred. The sin- 
gle-crystal Si of the SOI layer formed remained without 
being etched, and the ion-implanted layer was selective- 
ly etched and completely removed with the single-crys- 
tal Si as an etch stopping material. 
[0295] Apart from the selective etching, non-selective 
etching or polishing can be employed for removing the 
ion-implanted layer. In case of the polishing, the surface 
of the SOt substrate formed need not be flattened by a 
heat treatment in hydrogen. However, in a case where 
polishing damages remain, it is more favorable to per- 
form the heat treatment or to remove the surface layer 
of the SOI substrate. 

[0296] The rate of. the etching of the non-porous Si 
single crystal by the above etching liquid is very low, and 
the quantity of the etching of the Si single crystal (on the 
order of several tens angstroms) corresponds to a thick- 
ness decrease which is negligible in practical use. 
[0297] Therealler, only the extreme surface of the 
non-porous Si single crystal was flattened by polishing. 
[0298] Concretely, a single-crystal Si layer having a 
thickness of 0.5 u.m could be formed on the transparent 
glass substrate. The thickness of the formed single- 
crystal Si. layer was measured at 100 points over the 
whole surface of the SOI substrate. Then, the uniformity 
of the layer thickness was 501 nm ± 15 nm. When the 
number of COPs involved in the surface of the single- 
crystal Si layer was measured, it was about 100/W. 
Since the number of COPs involved in the surface of an 
ordinary CZ wafer is 400/W or so, it is understood that 
the SOI layer is made much less defective according to 
the present invention. 

[0299] When the surface roughness of the resulting 
SOI substrate was estimated with an interatomic-force 
microscope, the root-mean-square thereof (R^s) in a 
region of 50 pm-square was about 0.2 nm and was 
equivalent to that of an ordinary Si wafer commercially 
available. 

[0300] The section of the Si layer was observed with 
a transmission electron microscope. As a result, it was 
confirmed that no new crystal defect was introduced into 
the Si layer, and that a good crystallinity was kept in the 
Si layer. 

[0301] Also, the ion-implanted layer remaining on the 
first substrate side was selectively etched while the 
mixed solution consisting of 49% of hydrofluoric acid, 
30% of hydrogen peroxide and water was being stirred. 
Thereaftei, the first substrate was subjected to a surface 
process such as hydrogen annealing or surface polish- 
ing. The resulting first substrate could be used as a new 
first substrate or a new second substrate again. 
[0302] Even whon the separated first substrate left in- 
tact is heat-treated in hydrogen without removing the re- 
maining ion-implanted layer, the exclusion of micropo- 
res and defects and the flattening of the surface of the 
substrate are simultaneously caused by the migration 
of Si, with the result that the ion-implanted layer is ex- 
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tinguished. 
(EXAMPLE 7) 

[0303] There was prepared a first single-crystal Si 
substrate (8 inches in diameter) fabricated by the CZ 
method. After the surface of the substrate was formed 
with a silicon oxide layer of 200 nm by thermal oxidation, 
ions H + were implanted into the substrate through the 
surface Si0 2 layer thereof under the conditions of an 
acceleration voltage of 80 keV and a dose of 5 x 10 16 
cm -2 . Thereafter, the silicon oxide film of 200 nm was 
etched and removed with HF liquid. Subsequently, the 
resulting first substrate was heat-treated to enhance the 
quality of its surface layer. As the heat treatment, hydro- 
gen annealing was performed under the conditions of 
an atmosphere ol H 2 gas, a temperature of 1 200° C and 
a time period of one hour. On this occasion, the number 
of COPs involved in the substrate surface was 8/W. 
[0304] An oxide film (Si0 2 ) of 200 nm was formed on 
the first substrate by thermal oxidation again. Subse- 
quently, the surface of the Si0 2 layer of the first sub- 
strate and the surface of a Si substrate (second sub- 
strate) separately prepared were placed on and touched 
with each other When the touched substrate structure 
was annealed at 600°C it was separated or divided into 
two parts near the projection range of the ion implanta- 
tion. Since the ion-implanted layer was porous, the sur- 
faces of the separaled parts were rough The surface 
on the second substrate side was selectively etched 
while a mixed solution consisting of 49% of hydrofluoric 
acid. 30% of hydrogen peroxide and water was being 
stirred. The single-crystal Si of the SOI layer formed re- 
mained without being etched, and the ion-implanted lay- 
er was selectively etched and completely removed with 
the single-crystal Si as an etch stopping material. 
[0305] Apart from the selective etching, non-selective 
etching or polishing can be employed for removing the 
ion-implanted layer. In case of the polishing, the surface 
of the SO! substrate formed need not be flattened by a 
heat treatment in hydrogen. However, in a case where 
polishing damages remain, it is more favorable to per- 
form the heat treatment or to remove the surface layer 
ot the SOI substrate. 

[0306] The rate ol the etching of the non-porous Si 
single crystal by the above etching liquid is very low, and 
the quantity of the etching of the Si single crystal (on the 
order of several lens angstroms) corresponds lo a thick- 
ness decrease which is negligible in practical use. 
[0307] Concretely, a single-crystal Si layer having a 
thickness of 0.2 u.m could be formed on the Si oxide film 
The thickness of the formed single-crystal Si layer was 
measured at 100 points over the whole surface of the 
SOI substrate. Then, the uniformity of the layer thick- 
ness was 201 nm ± 6 nm. 

[0308] Further, the SOI substrate was subjected to a 
heat treatment at 1100°C in hydrogen for one hour. 
When the surface roughness of the resulting SOI sub- 



strate was estimated with an interatomic-force micro- 
scope, the root-mean-square thereof (R rms ) in a region 
of 50 urn-square was about 0.2 nm and was equivalent 
to that of an ordinary Si wafer commercially available. 
5 When the number of COPs involved in the surface of 
the single-crystal Si layer was measured, it was about 
8/W. 

[0309] Even when the separated SOI substrate left in- 
tact is heat-treated in hydrogen without removing the re- 
10 maining ion-implanted layer, the exclusion of micropo- 
res and defects and the flattening of the surface of the 
SOI layer are simultaneously caused by the migration 
of Si, with the result that the ion-implanted layer is ex- 
tinguished. 

'5 [0310] The section of the Si layer was observed with 
a transmission electron microscope. As a result, it was 
confirmed that no new crystal defect was introduced into 
the Si layer, and that a good crystallinity was kept in the 
Si layer. 

20 [0311] Also, the ion-implanted layer remaining on the 
first substrate side was selectively etched while the 
mixed solution consisting of 49% of fluoric acid, 30% of 
hydrogen peroxide and water was being stirred. There- 
after, the first substrate was subjected to a surface proe- 
ms ess such as hydrogen annealing or surface polishing. 
The resulting first substrate could be used as a new first 
substrate or a new second substrate again. 
[0312] Even when the separated first substrate left in- 
tact is heat-treated in hydrogen without removing the re- 
30 maining ion-implanted layer, the exclusion of micropo- 
res and defects and the flattening of the surface of the 
substrate are simultaneously caused by the migration 
of Si, with the result that the ion-implanted layer is ex- 
tinguished. 

35 

(EXAMPLE 8) 

[0313] A first single-crystal Si substrate fabricated by 
the CZ method was prepared, and was heat-treated to 

40 enhance the quality of its surface layer. As the heat treat- 
ment, hydrogen annealing was performed under the 
conditions of an atmosphere of H 2 gas, a temperature 
of 1200°C and a time period of three hours. 
[0314] Further, the surface of the substrate was 

45 formed with an Si0 2 layer of 200 nm by thermal oxida- 
tion. Besides, ions H + were implanted into the substrate 
through the surface Si0 2 layer thereof under the condi- 
tions of an acceleration voltage of 40 keV and a dose of 
5xi0 t6 cm* 2 . 

so [0315] The surface of the Si0 2 layer of the first sub- 
strate and the surface of a Si substrate (second sub- 
strate) separately prepared were placed on and touched 
with each other. 

[0316] After an oxide film on the rear surface of the 
55 first substrate was removed, the whole surface of the 
wafer (the touched substrate structure) was irradiated 
with the laser beam of a C0 2 laser from the first sub- 
strate side of the substrate structure. The laser beam of 
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the CO : laser was absorbed by the Si0 2 layer of 200 
nrn ai the bonding interface ol Ihe substrate structure, 
thereby to suddenly raise the temperatures of and near 
the SO : inycr In consequence :hc suDSlrate structure 
whs sceMfrtted or divided into two parts near the projec- 5 
lion fringe ol the on impUntnlon by intense thermal 
sresscs ir an on-TTiptHnteO Lnye' (separation layer 
lormcd 0y ho on implantri'.ior ) The i^ser may be cither 
ri ronlm jous-whvc Inscr Of * pulse User 
[0317] Since the on-implnntec Uycf whs porcus the 
scitrtces ot the sepHiHted part* were rougr* The surface 
on tr-c second substrate s»do whs selectively etched 
while * mixed solution cons»stinc erf 4<>v ol IIjooc acid 
30".. ol hydtoccn pcoxOc nnd *Htcr whs bong stirred 
The s<nqi<? -crystal Si ol the SOl inyer torrned remaned 
wrtncul ocnq etched and the on^-rmptinied layer was 
seiectrvciy otcned nnd completely removed with he sm- 
pio-crys:ni Si as an etch stopping rr ntcriai 
[03t8] Apnn if om the selective etchmQ -on -selective 
OUhrtq poftshng can t>€ ompoytxJ rurfmvtnc Ifw 
lu'i-oiipt i» itetj Iriyoi ill Ca*>c ol the polr^im »g ttn_* ^ut'/icc 
ol the SOl sutsir^lc lormcd reed nzA be fi^no*>ocl by * 
hent If crimen; m hydrogen However *n n c#i*r «***c»« 
poliihmq dim iqcs fcrrwnr it is moc L ivo* . rt>*o to p<j< 
lom the' he. t! Iicntrr-cn; or to remove the iurt.«cc iryn 
Ol mo SO' tutCUntO 

(0319) Tr>c into ol the ctchmc ol tho nor* ixrjuy S- 
smqlo crystal by the nbevo etching liquKl rs vo-v 
th<^ rj utntit^ nJ tho otrhmg nf tho St smarts rty*.\,%* .-or t»*» 
ord^f ol ^ovoi^i tons nn rjstromsj correspond 1< ; r»n » 
ncss do. fC'ise wnch is negligible in pi^ic* uk 

(0320) Concretely a single -crystal S« Uyc fwv»v^ * 
thickness ol 0 2mti cou d be lorrredonthe S« o«cv> (in 
The thickness ol the formed sincte-cryst^ S- w«>^ 
moHSured hi *00 points over the whotc su*i erf t?»*s 
SO suCstr^tc Then the uniformity ol the w*y<?* tn* • 
ncss wns 20 1 nm ♦ 5 nm 

(0321 1 Further tne SOl substrate w*s suO»xtoo io *% 
hcnl tfCHtmeri h! 1100°C m hydfoocn to* c**e ***** 
When the surUicc roucpness ol the rcsurirv;; i : ;C* tut, 
st nic whs es'rmrited with ar interatomic lo ce m* : rc 
scope tne root menn -square thereoi iR T „v ^ « f <>.>:^ 
ol SO nm-squnic was about 0 2 nm nnd wis <xju»v**ort 
to thn! ol an crdmnry Si water CDmmcfCuiltv /tvt*.«0*' 
When tne numtx^r ol CCJHs involved tr>c sorter. o» 
the s»nqic <rysUi Si layer was measured fl *«ijc^t 

aw 

(0322 ] E vur i wt uritlic t>ep*-»'ited SOl iu'jr»i nic- u? i 

trt^t IS llC'rlt tlC'-ltcJ II > tiyUlCK^U'l WlttlUUt IUI IKAi". tt iv 

mriin nq lon-implnntcd tayci the exclusion o' nx 'c<x 
res and delects and the flattening cl the surWc o* the 
SOl Liycr arc simulLineously caused Dy the miQ«..i<^ 
of Si with the icsult that the ion imolantcd Uyc r, ci 
Itnguishod 

[0323] The section ol the Si layer was observed with 
a transmission electron microscope As a result it w^i 
conlirmod tnat no now crystal delect was irtrrv-ii irnn ^tn 
the Si layer and that a good crystallmity whs *nrM ir the 



Si layer. 

[0324] Also, the ion-implanted layer remaining on the 
first substrate side was selectively etched while the 
mixed solution consisting of 49% of fluoric acid, 30% of 
hydrogen peroxide and water was being stirred. There- 
after, the first substrate was subjected to a surface proc- 
ess such as hydrogen annealing or surface polishing. 
The resulting first substrate could be used as a new first 
substrate or a new second substrate again. 
[0325] Even when the separated first substrate left in- 
tact is heat-treated in hydrogen without removing the re- 
maining ion-implanted layer, the exclusion of micropo- 
res and defects and the flattening of the surface of the 
substrate are simultaneously caused by the migration 
of Si. with the result that the ion-implanted layer is ex- 
tinguished. 

(EXAMPLE 9) 

[0326] A first single-crystal Si substrate (8 inches in 
uWnetei) fabricated by the CZ method was prepared, 
*nd was heat-treated to enhance the quality of its sur- 
face layer. As the heat treatment, hydrogen annealing 
v*f;io performed under the conditions of an atmosphere 
erf h . p/is. a temperature of 1200°C and a time period 
o< ono hour, thereby to form a less-defective layer. 
[0327] The surface of the substrate was formed with 
*n S*O c layer of 200 nm by thermal oxidation. Besides, 
r-^'s H • were implanted into the substrate through the 
vjftHce Si0 2 layer thereof under the conditions of an 
federation voltage of 40 keV and a dose of 5 x 10 16 
cm - 

[0328] The surface of the Si0 2 layer of the first sub- 
strnte and the surface of a Si substrate (second sub- 
strate) separately prepared were placed on and touched 
with each other. When the St0 2 layer and single-crystal 
S« layer at the end face ot the bonded wafer (substrate 
structure) were etched, the end of an ion-implanted lay- 
er Harmed by the ion implantation) appeared. 
[0329] When the resulting bonded wafer was subject- 
ed to pyrogenic oxidation at 1000°C, the two substrates 
were completely separated or detached within the ion- 
implanted layer in ten hours. When the peeled surfaces 
oi the substrates were observed, the ion-implanted layer 
whs turned into Si0 2 at the outer peripheral part of the 
waict but it was substantially unchanged at the central 
Drift erf the wafer. 

(0330) Thereafter, the ion-implanted layer remaining 
<j»» \-tv second substrate side was selectively etched 
while a mixed solution consisting of 49% of fluoric acid, 
30% of hydrogen peroxide and water was being stirred. 
The single-crystal Si of the SOI layer formed remained 
without being etched, and the ion-implanted layer was 
selectively etched and completely removed with the sin- 
gle-crystal Si as an etch stopping material. 
|033 1 ] Apart from the selective etching, non-selective 
ntrhmg or polishing can be employed for removing the 
on- implanted layer. In case of the polishing, the surface 
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of the SOI substrate formed need not be flattened by a 
heat treatment in hydrogen. However, in a case where 
polishing damages remain, it is more favorable to per- 
form the heat treatment or to remove the surface layer 
of the SOI substrate. 5 
[0332] The rate of the etching of the non-porous Si 
single crystal by the above etching liquid is very low, and 
the selection ratio of the etching rate of the non-porous 
Si single crystal to that of the ion-implanted layer is as 
large as 1 0 5 or above. Herein, the quantity of the etching io 
of the non-porous layer (on the order of several tens 
angstroms) corresponds to a thickness decrease which 
is negligible in practical use. 

[0333] Concretely, a single-crystal Si layer having a 
thickness of 0.2 ujti could be formed on the Si oxide film, is 
The thickness of the formed single-crystal Si layer was 
measured at 100 points over the whole surface of the 
SOI substrate. Then, the uniformity of the layer thick- 
ness was 201 nm±5 nm. 

[0334] Further, the SOI substrate was subjected to a 20 
heat treatment at 1100°C in hydrogen for two hours. 
When the surface roughness of the resulting SOI sub- 
strate was estimated with an interatomic-force micro- 
scope, the root-mean-square thereof (R rms ) in a region 
of 50 pm-squarc was about 0.2 nm and was equivalent 25 
to that of an ordinary Si wafer commercially available. 
When the number of COPs involved in the surface of 
the single-crystal Si layer was measured, it was about 
8/W 

[0335] Even when the separated SOI substrate left in- 30 
tact is heat-treated in hydrogen without removing the re- 
maining ion-implanted layer, the exclusion of micropo- 
res and defects and the flattening of the surface of the 
SOI layer are simultaneously caused by the migration 
of Si, with the result that the ion-impianted layer is ex- 35 
tinguished. 

[0336] The section of the Si layer was observed with 
a transmission electron microscope. As a result, it was 
confirmed that no new crystal defect was introduced into 
the Si layer, and that a good crystallinity was kept in the 40 
Si layer. 

[0337] Also, the ion-implanted layer remaining on the 
first suostrate side was selectively etched while the 
mixed solution consisting of 49% of fluoric acid, 30% of 
hydrogen peroxide and water was being stirred. There- 45 
after, the first substrate was subjected to a surface proc- 
ess such as hydrogen annealing or surface polishing. 
The resulting first substrate could be used as a new first 
substrate or a new second substrate again. 
[0338] Even when the separated first substrate left in- so 
tact is heat-treated in hydrogen without removing the re- 
maining ion-implanted layer, the exclusion of micropo- 
res and defects and the flattening of the surface of the 
substrate are simultaneously caused by the migration 
of Si, with the result that the ion-implanted layer is ex- S5 
tinguished. 



(EXAMPLE 10) 

[0339] A first single-crystal Si substrate (8 inches in 
diameter) fabricated by the CZ method was prepared, 
and was heat-treated to enhance the quality of its sur- 
face layer (into a less-defective layer). As the heat treat- 
ment, hydrogen annealing was performed under the 
conditions of an atmosphere of H 2 gas, a temperature 
of 1200°C and a time period of one hour. 
[0340] Further, the surface of the substrate was 
formed with an Si0 2 layer of 200 nm by thermal oxida- 
tion. Besides, ions H+ were implanted into the substrate 
through the surface Si0 2 layer thereof under the condi- 
tions of an acceleration voltage of 40 keV and a dose of 
5xi0 16 cm" 2 . 

[0341] The surface of the Si0 2 layer of the first sub- 
strate and the surface of a Si substrate (second sub- 
strate) separately prepared were processed with a plas- 
ma, and were washed with water. Thereafter, the first 
and second substrates were placed on and touched with 
each other. The resulting substrate structure was heat- 
treated at 300°C for one hour, thereby to heighten the 
bonding strength between the first and second sub- 
strates. When a wedge was entered into the bonded 
substrate structure from the periphery thereof, the struc- 
ture was separated or divided into two parts near the 
projection range of the ion implantation. Since an ion- 
implanted layer (formed by the ion implantation) was po- 
rous, the surfaces of the separated parts were rough. 
The surface on the second substrate side was selective- 
ly etched while a mixed solution consisting of 49% of 
fluoric acid. 30% of hydrogen peroxide and water was 
being stirred. The single-crystal Si of an SOI layer 
formed remained without being etched, and the ion-im- 
planted layer was selectively etched and completely re- 
moved with the single-crystal Si as an etch stopping ma- 
terial. 

[0342] Apart from the selective etching, non-selective 
etching or polishing can be employed for removing the 
ion-implanted layer. In case of the polishing, the surface 
of the SOI substrate formed need not be flattened by a 
heat treatment in hydrogen. However, in a case where 
polishing damages remain, it is more favorable to per- 
form the heat treatment or to remove the surface layer 
of the SOI substrate. 

[0343] The rate of the etching of the non-porous Si 
single crystal by the above etching liquid is very low and 
the quantity of the etching of the Si single crystal (on the 
order of several tens angstroms) corresponds to a thick- 
ness decrease which is negligible in practical use. 
[0344] Concretely, a single-crystal Si layer having a 
thickness of 0.2 um could be formed on the Si oxide film. 
The thickness of the formed single-crystal Si layer was 
measured at 100 points over the whole surface of the 
SOI substrate. Then, the uniformity of the layer thick- 
ness was 201 nm ± 6 nm. 

[0345] Further, the SOI substrate was subjected to a 
heat treatment at 1100°C in hydrogen for two hours. 
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When the surface roughness of the resulting SOI sub- 
strate was estimated with an interatomic-force micro- 
scope, the root-mean-square thereof (R^) in a region 
of 50 pm-square was about 0.2 nm and was equivalent 
to that of an ordinary Si wafer commercially available. 
When the number of COPs involved in the surface of 
the single-crystal Si layer was measured, it was about 
8/W. In the measurement of the COPs, the surface of 
the Si layer was washed with the SC-1 washing liquid, 
and the COPs whose particle sizes were about 0.1 jim 
or larger were measured by a foreign -matter inspection 
device. 

[0346] Even when the separated SOI substrate left in- 
tact is heat-treated in hydrogen without removing the re- 
maining ion-implanted layer, the exclusion of. micropo- 
res and delects and the flattening of the surface of the 
SOI layer are simultaneously caused by the migration 
of Si, with the result that the ion-implanted layer is ex- 
tinguished. 

[0347] The section of the Si layer was observed with 
a transmission electron microscope. As a result; it was 
confirmed that no new crystal defect was introduced into 
the Si layer, and that a good crystallinity was kept in the 
Si layer. 

[0348] Also, the ion-implanted layer remaining on the 
first substrate side was selectively etched while the 
mixed solution consisting of 49% of fluoric acid, 30% of 
hydrogen peroxide and water was being stirred. There- 
after, the first substrate was subjected to a surface proc- 
ess such as hydrogen annealing or surface polishing 
The resulting first substrate could be used as a new first 
substrate or a new second substrate again. 
[0349] Even when the separated first substrate left in- 
tact is heat-treated in hydrogen without removing the re- 
maining ion-implanted layer, the exclusion of micropo- 
res and delects and the flattening of the surface of the 
substrate are simultaneously caused by the migration 
of Si, with the result that the ion-implanted layer is ex- 
tinguished. 

(EXAMPLE 11) 

[0350] A first single -crystal Si substrate (8 inches in 
diameter) labricated by the CZ method was prepared, 
and was heat-treated to enhance the quality of its sur- 
face layer. As the heat treatment, hydrogen annealing 
was performed under the conditions of an atmosphere 
of H 2 gas. a temperature ol 1200°C and a time period 
of two hours. 

[0351] Further, the surface of the substrate was 
formed with an Si0 2 layer of 200 nm by thermal oxida- 
tion. Besides, ions H + were implanted into the substrate 
through the surface Si0 2 layer thereof under the condi- 
tions of an acceleration voltage of 40 keV and a dose of 
5 X I0 ie cm*2 

[0352] The surface of the Si0 2 layer of the first sub- 
strate and the surface of a Si substrate (second sub- 
strate) separately prepared were processed with a plas- 



ma, and were washed with water. Thereafter, the first 
and second substrates were placed on and touched with 
each other. The resulting substrate structure was heat- 
treated at 300°C for one hour, thereby to heighten the 
5 bonding strength between the first and second sub- 
strates. When a shearing force was applied to the bond- 
ed substrate structure, the structure was separated or 
divided into two parts near the projection range of the 
ion implantation. Since an ion-implanted layer (formed 
10 by the ion implantation) was porous, the surfaces of the 
separated parts were rough. The surface on the second 
substrate side was selectively etched while a mixed so- 
lution consisting of 49% of fluoric acid, 30% of hydrogen 
peroxide and water was being stirred. The single-crystal 
Si of an SOI layer formed remained without being 
etched, and the ion-implanted layer was selectively 
etched and completely removed with the single-crystal 
Si as an etch stopping material. 

[0353] Apart from the selective etching, non-selective 
etching or polishing can be employed for removing the 
ion-implanted layer. In case of the polishing, the surface 
of the SOI substrate formed need not be flattened by a 
heat treatment in hydrogen. However, in a case where 
polishing damages remain, it is more favorable to per- 
form the heat treatment or to remove the surface layer 
of the SOI substrate. 

[0354] The rate of the etching of the non-porous Si 
single crystal by the above etching liquid is very low, and 
the quantity of the etching of the Si single crystal (on the 
order of several tens angstroms) corresponds to a thick- 
ness decrease which is negligible in practical use. 
[0355] Concretely, a single-crystal Si layer having a 
thickness of 0.2 u,m could be formed on the Si oxide film. 
The thickness of the formed single-crystal Si layer was 
measured at 100 points over the whole surface of the 
SOI substrate. Then, the uniformity of the layer thick- 
ness was 201 nm ± 6 nm. When the number of COPs 
involved in the surface of the single-crystal Si layer was 
measured it was 50/W. 

[0356] Further, the SOI substrate was subjected to a 
heat treatment at 1100°C in hydrogen for two hours. 
When the surface roughness of the resulting SOI sub- 
strate was estimated with an interatomic-force micro- 
scope, the root-mean-square thereof (R rms ) in a region 
of 50 pm-square was about 0.2 nm and was equivalent 
to that of an ordinary Si wafer commercially available. 
When the number of COPs involved in the surface of 
the single-crystal Si layer was measured alter the heal 
treatment for two hours, it was 6/W. 
[0357] Even when the separated SOI substrate left in- 
tact is heat-treated in hydrogen without removing the re- 
maining ion-implanted layer, the exclusion of micropo- 
res and defects and tho flattening of the surface of the 
SOI layer are simultaneously caused by the migration 
of Si, with the result that the ion-implanted layer is ex- 
tinguished. 

[0358] The section of the Si layer was observed with 
a transmission electron microscope. As a result, it was 
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confirmed that no new crystal delect was introduced Into 
Inn St layer and that a good cryslallmity was kept in the 
Si layer 

[0359] Also the ion-implanted tayor remaining on the 
first substrate side was selectively etched white the 
mixed solulior cenststmq ot 4Q 4 \ ol fluoric acid 30% of 
hydroqon pcroxicc and water was being stirred There- 
after the first substfrttc whs subjected to a surface proc- 
ess sucn as hydroqon annealing o f surface polishing 
The resulting first subsfate could be used as a new first 
subs:rate or a new soconc substrate again 
(0360] Even when the scpa-atcd t rst substrate IcM in- 
tart is heat -trotted ir hydrogen without removing the re- 
main ng on-implanted layer the exclusion oJ micropo- 
res and detects and the flattcnmq of tr~c surface ol the 
subs'rate are simultaneously caused by the migration 
of St with the result that the >on-imotanted layer is ex- 
tinguished 

(EXAMPLE 12) 

[0361] A first snge<rystal S» substrate <c r*cf»cs tn 
diameter ) fabricated by the CZ method p»ei>vc<~: 
and w.io heat treated to enhance the qu*M<ty ol tt^ *>«jt 
face layer As the hc.it treatment hyd'OQen ,»rw\e. i**rvj 
Wr-is porformod undor tho cordilooi, o' -nn ^imca-pr***** 
Of H- cv»S a temporal uc of 120D°C and * u-rm? p***.*) 
of one hour 

(0362) Furthor tho Mir'aer* of 'ho ^ifw^ 

t Of mod with ar SiCU ayor of POO nm Bosr:os t>.yv f>-^ 
ions wore imp^rrod into the substrate thougr r*- w 
tare SO : layer thereof by tnc D la s ma irnrner sjc*^ *;* 
plant-ilion under 'he conditions ot an accelerate*- 
aqe of 40 kcV and a dose of 5 x cm 

(0363) The surface o' the SO : layer of the n*v wt. 
st -ate and the surface of a Si substrate serosa v t >t, 
st -ate ) separately prepared were placed on ar a k** »vyj 
with each other When the result ng suDst atc st* jiMjio 
was annoalod at GOC*C it was scpaatcd o* drvoeo *»t- w 
tAO parts near the projection range ot the ion vntuanta 
lion Since an on imolanted layer f formed by T»o *x rr- 
plant-ition) was porous the surfaces ot the sotx'-iux! 
parts were rough The surface on the soconc bufci>t*afo 
side was selectively etched while a mmed souio ;.r^ 
sisttng cl 4^\, or Mucnc acid 30*\, ot hydrcoon p«v * K >? 
and water was bcinq st rred ~hc single -cry sLv v- :f nr- 
SOI layer formcc remained without being ctcr»eo a r x3 
the ion -implanted layer wab select ivefy etctiuU <** Uvc»" 
pletuly removed wil'i the binuje -crystal S» a* ai< vwr. 
stopping material 

[0364] Apart from the selective etching w sciccirvc 
etching or polishing can be employed tor rcmovtnr tno 
ion implanted layer in case of the polishing the ou'\tco 
of tho SOI substrato formed need not bo flattoruxj by * 
heat treatment in hydrogen However in a case w»u?»o 
polishing damages remain it is more favorable to po* 
form the heat treatment or to remove the surfer uyrr 
of the SOI substrate 



[0365] The rate of the etching of the n on -porous Si 
single crystal by the above etching liquid is very low, and 
the quantity of the etching of the Si single crystal (on the 
order of several tens angstroms) corresponds to a thick- 
5 ness decrease which is negligible in practical use. 
[0366] Further, the remaining part of the first substrate 
corresponding to the depth of the ion implantation was 
removed by "oxidation + peeling" or "etching". 
[0367] Concretely, a single-crystal Si layer having a 
io thickness of 0.2 jim could be formed on the Si oxide film. 
The thickness of the formed single-crystal Si layer was 
measured at 100 points over the whole surface of the 
SOI substrate. Then, the uniformity of the layer thick- 
ness was 201 nm + 7 nm. 
is [0368] Further, the SOI substrate was subjected to a 
heat treatment at 1100°C in hydrogen for one hour. 
When the surface roughness of the resulting SOI sub- 
strate was estimated with an interatomic-force micro- 
scope, the root-mean-square thereof (R^) in a region 
~° ot 50 pm-square was about 0.2 nm and was equivalent 
to that of an ordinary Si wafer commercially available. 
When the number of COPs involved in the surface of 
the single-crystal Si layer was measured, it was 10/W. 
(0369] Even when the separated SOI substrate left in- 
L»ct to hcat-troatcd in hydrogen without removing the re- 
rrvitnng ion-implanted layer, the exclusion of micropo- 
res nnc defects and the flattening of the surface of the 
SO* layer are simultaneously caused by the migration 
r* ^ with the result that the ion-implanted layer is ex- 
i*iguished. 

[0370] The section of the Si layer was observed with 
a transmission electron microscope. As a result, it was 
confirmed that no new crystal defect was introduced into 
the Si layer, and that a good crystal! in ity was kept in the 
J* Si layer. 

[0371] Also, the ion-implanted layer remaining on the 
first substrate side was selectively etched while the 
mixed solution consisting of 49% of fluoric acid, 30% of 
hydrogen peroxide and water was being stirred. There- 
to after the first substrate was subjected to a surface proc- 
ess such as hydrogen annealing or surface polishing. 
The resulting first substrate could be used as a new first 
substrate or a new second substrate again. 
[0372] Even when the separated tirst substrate left in- 
- - tact is heat-treated in hydrogen without removing the re- 
maining ion-implanted layer, the exclusion of micropo- 
res anc defects and the flattening of the surface of the 
bubitrate are simultaneously caused by the migration 
ul Si with the result that the ion-implanted layer is ex- 
^ tmguished. 

(EXAMPLE 13) 

[0373] Both the surfaces of a first substrate polished 
on both these surfaces were subjected to the same 
processing steps as in each of Examples 1 to 12. 
[0374] In any of the foregoing examples, the liquid for 
selectively etching the ion-implanted layer is not restrict- 
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ed to the mixed solution consisting of 49% of fluoric acid, 
30% of hydrogen peroxide and water Since the ion im- 
plantation extends over a very large surface area, the 
ion-implanted layer can be selectively etched even with: 

5 

HF: 

HF + Alcohol 

HF + H 2 0 2 + Alcohol. 

Buffered HF + H 2 0 2 . 

Buffered HF + Alcohol. to 
Buffered HF + H 2 0 2 + Alcohol. 
Buffered HF: 

or the like, or any of the prepe m.xcd solutions of fluoric 
acid, nitric acid and acetic hckJ *5 
[0375] The other processing steps can also be per- 
formed under various cond nons without being restricted 
to the conditions specitco m ;nc forcgotng examples. 

(EXAMPLE 14) 20 

[0376] A boron-dooed ( i OO 3» v^icr of r inches hav- 
ing a resisuvily of 10 ii cm *r>a l/iDr>cvited by the CZ 
method was heat treat oo it * rOO'C «n .i hydrogen at- 
mosphere for one hour T~>c»c%*ncf tnc surt.icc of the 25 
wafo r was oxidi/od to lo» rn ^r-» oxioc utm or 2t0 rm and 
the ions of hydrogen we»c *n-punu-d »*^to tno resulting 
wafer The conditions ot t-x? »c*i irrpi^nt^tiori were an 
acceleration voltage ot SO k^V ,*nri ^ n-*<r> rJ4 x 10 16 / 
cm- Thus a first silicon whWm v**n p«r|Vio<l 30 
[0377] The first silicon w,t*o ma i second silicon wa- 
fer were respectively lor mod *r«th ctc.tn sun^cco oy sub- 
jecting them to tne wet w<v>r» **icn rs oenorniiy em- 
ployed in silicon device processes Tnoroificr tne first 
and second silicon wafers were t>cr>aoO to o.»c~> other 35 
so that the oxide film oi 2S0 nm mcrt i»e msoo The 
bonded silicon wafer structure o* rts>cno^ whs set in a 
heat-treating furnace and r»o-it ic-iieo ^: 6O0*C tor 
ten hours thereby to hc»qntcn tnc borxjmq o* ,tdncsion 
strength ol the bonding mortice between tne first and -*0 
second silicon waters The rttrnosp^erc of me hen! treat- 
ment was oxygen In course of tic hc*t tOHtment the 
silicon v/afcr structure wns separated o* d«vood rtt its 
depth corresponding to tne projection rrirgc ot tnc ion 
implantation The single -oystni silicon fitr> or tnc first -*s 
silicon wafer was iranslcr red onto the second silicon wa- 
fer together with the silicon oxide film whorcoy nn SOI 
wafer was man ufdC lured 

[0378] When the thicknesses ot trie* tiniiblunccJ sin- 
gle-crystal silicon film wore respectively measured at 50 
lattice points of 10 mm in the surface of the GO water, 
the average value ol the thicknesses was 250 nm and 
the deviation thereof wric 110 nm Besides when the 
surface roughness of tho singlo-crystai silicon him was 
measured at 256 x 256 measurement points in regions 55 
of 1 um-square and 50 M^-square by the use ot an in- 
teratomic-force microscope they were 9 4 nm and 8 5 
nm in terms of root-mean-square (R fms t values respec- 
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tively. 

[0379] A plurality of such SOI wafers each bearing the 
silicon oxide film 57 at its rear surface were set in a ver- 
tical type heat-treating furnace including a core tube 90 
made of quartz (illustrated in Fig. 22). A gas 94 was 
caused to flow downwards in the furnace. As shown in 
Fig. 22, the SOI wafers were horizontally put on a 
quartz-made boat 93 so that the silicon oxide film 57 at 
the rear surface of one of the SOI wafers might confront 
the front surface of the SOI layer 53 of another of the 
SOI wafers at a spacing of about 6 mm, and that the 
centers of the SOI wafers might agree with the axis of 
the core tube 90. Further, a silicon wafer 95 commer- 
cially available, which was formed with a silicon oxide 
film 96 on the whole-surface thereof, was arranged over 
the uppermost SOI wafer at the same spacing. After the 
atmosphere gas in the furnace was replaced with hydro- 
gen, the temperature of the interior ot the furnace was 
raised up to 1 1 80°C, which was held for two hours. Sub- 
sequently, the temperature was lowered again. The wa- 
fers were taken out, and the thickness of the SOI layers 
53 was measured again. The decrement of the thick- 
ness of the SOI wafers was 80.3 nm on the average, 
and the SOI layers 53 became 199.6 nm thick. Herein, 
when the number of COPs involved in each SOI layer 
was measured, it was about 9/W. 
[0380] In addition, the surface roughness of the sin- 
gle-crystal silicon films subjected to the heat treatment 
was measured with the interatomic-force microscope. 
Then, the root-mean-square (R^) value of the rough- 
ness was 0.11 nm in the region of 1 pm-square and 0.35 
nm in the region of 50 jam-square. That is, the single- 
crystal silicon films were smoothened equivalently to 
those of ordinary silicon wafers commercially available. 
Also, the concentration of boron in the single-crystal sil- 
icon films was measured by the secondary-ion mass 
spectroscopy (SIMS) after the heat treatment. Then, the 
boron concentration was lowered to 5 x I0 15 /cm 3 or 
less in all the films and was low enough to produce sem- 
iconductor devices. 

[0381] Besides, when the state of the sections of the 
SOI layers was observed with a TEM (transmission 
electron microscope) before and after the heat treat- 
ment in the hydrogen atmosphere, a group of disloca- 
tions noted in the vicinity of the surface of each SOI layer 
before the heat treatment were not noted after the heat 
treatment. This is so construed that the dislocations in- 
volved in the partial region of the SOI layer removed by 
the etching based on the heat treatment will have been 
eliminated together with the SOI layer region by the 
etching. 

(EXAMPLE 15) 

[0382] A first single-crystal Si substrate fabricated by 
the CZ method was prepared, and was heat-treated to 
enhance the quality of its surface layer. As the heat treat- 
ment, hydrogen annealing was performed under the 
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conditions of an atmosphere of H 2 gas, a temperature 
of 1200°C and a time period of one hour. 
[0383] Further, the surface of the substrate was 
formed with an Si0 2 layer of 200 nm by thermal oxida- 
tion. Besides, ions H + were implanted into the substrate s 
through the surface Si0 2 layer thereof under the condi- 
tions of an acceleration voltage of 40 keV and a dose of 
5 x I0 16 crrr 2 . 

[0384] The surface of the Si0 2 layer of the first sub- 
strate and the surface of a Si substrate (second sub- 10 
strate) separately prepared were processed with a plas- 
ma, and were washed with water. Thereafter, the first 
and second substrates were placed on and touched with 
each other. The resulting substrate structure (wafer 
structure) was heat-treated at 300°C for one hour, there- is 
by to heighten the bonding strength between the first 
and second substrates. When a water jet having a di- 
ameter of 0.2 mm was sprayed into the beveling gap of 
the bonded wafer structure, this bonded wafer structure 
was separated or divided into two wafers through an ion- 20 
implanted layer (formed by the ion implantation). Since 
the ion-implanted layer was porous, the surfaces of the 
separated wafers were rough. The surface on the sec- 
ond substrate side was selectively etched while a mixed 
solution consisting of 49% of fluoric acid, 30% of hydro- 25 
gen peroxide and water was being stirred. The single- 
crystal Si of an SOI layer formed remained without being 
etched, and the ion-implanted layer was selectively 
etched and completely removed with the single-crystal 
Si as an etch stopping material 30 
[0385] Apart from the selective etching, non-selective 
etching or polishing can be employed for removing the 
ion-implanted layer. In case of the polishing, the surface 
of the SOI substrate formed need not be flattened by a 
heat treatment in hydrogen. However, in a case where 35 
polishing damages remain, it is more favorable to per- 
form the heat treatment or to remove the surface layer 
of the SOI substrate 

[0386] The rate of the etching of the non-porous Si 
single crystal by the above etching liquid is very low, and 40 
the quantity of the etching of the Si single crystal (on the 
order of several tens angstroms) corresponds to a thick- 
ness decrease which is negligible in practical use. 
[0387] Concretely, a single-crystal Si layer having a 
thickness of 0.2 u.m could be formed on the Si oxide film. -*$ 
The thickness of the formed single-crystal Si layer was 
measured at 100 points over the whole surface of the 
SOI substrate. Then, the uniformity of the layer thick- 
ness was 201 nm ± 5 nm. 

[0388] Further, the SOI wafer was subjected to a heat so 
treatment at 1 100°C in hydrogen for one hour. When the 
surface roughness of the resulting SOI wafer was esti- 
mated with an intoratomic-forcc microscope, the root- 
mean-square thereof (R^) in a region of 50 u.m-square 
was about 0.2 nm and was equivalent to that of an or- 55 
dinary Si wafer commercially available. When the 
number of COPs involved in the surface of the single- 
crystal Si layer was measured, it was 7/W. 



[0389] Even when the separated SOI wafer left intact 
is heat-treated in hydrogen without removing the re- 
maining ion-implanted layer, the exclusion of micropo- 
res and defects and the flattening of the surface of the 
SOI layer are simultaneously caused by the migration 
of Si, with the result that the ion-implanted layer is ex- 
tinguished 

[0390] The section of the Si layer was observed with 
a transmission electron microscope. As a result, it was 
confirmed that no new crystal defect was introduced into 
the Si layer, and that a good crystallinity was kept in the 
Si layer. 

[0391] Also, the ion-implanted layer remaining on the 
first substrate side was selectively etched while the 
mixed solution consisting of 49% of fluoric acid, 30% of 
hydrogen peroxide and water was being stirred. There- 
after, the first substrate was subjected to a surface proc- 
ess such as hydrogen annealing or surface polishing. 
The resulting first substrate could be used as a new first 
substrate or a new second substrate again. 
[0392] Even when the separated first substrate left in- 
tact is heat-treated in hydrogen without removing the re- 
maining ion-implanted layer, the exclusion of micropo- 
res and defects and the flattening of the surface of the 
substrate arc simultaneously caused by the migration 
of Si, with the result that the ion-implanted layer is ex- 
tinguished. 

(EXAMPLE 16) 

[0393] Using a CZ-Si wafer, an SOI substrate was 
manufactured by the following steps: 

(1) First, the CZ-Si wafer was prepared and was 
heat-treated at 1 200°C, in H 2 gas and for one hour, 
thereby to form a less-defective layer Incidentally, 
a CZ-Si wafer which was not passed through this 
step (1 ) (in other words, which was not subjected to 
the heat treatment in hydrogen) was also prepared 
as a comparative example. 

(2) Each Si wafer was thermally oxidized to form an 
oxide (Si0 2 ) layer of 200 nm. 

(3) Ions H + were implanted under the conditions of 
a dose of 5 x 1 0 16 /cm 2 and an acceleration voltage 
of 40 keV, thereby to form a separation layer. 

(4) The Si wafer and a second substrate (here, a Si 
substrate) were bonded to each other with the oxide 
layer lying inside. 

(5) The bonded wafer structure was heat-treated at 
600°C, thereby to be separated or divided at the 
ion-implanted layer (separation layer). 

(6) The ion-implanted layer remaining on the sec- 
ond substrate was selectively etched with a mixed 
solution consisting of HF, H 2 0 2 and water. The sem- 
iconductor layer (SOI layer) of the SOI substrate 
thus formed had a thickness of 200 nm + 6 nm. 

(7) The SOI substrate was heat-treated at 1100°C, 
in hydrogen for four hours. 
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(8) Each SOI substrate was immersed in a solution 
of 49% HF for 15 minutes. It was thereafter ob- 
served with an optical microscope. 

[0394] Regarding the SOI substrate in which the SOI 
layer was the less-defective layer formed by the hydro- 
gen annealing of the step (1 ), when a region of 20 cm 2 
in the surface of the SOI layer was observed, a point 
where the buried oxide film was etched was not found. 
Strictly, the density of such points was below 0.05/cm 2 . 
On the other hand, regarding the SOI substrate which 
employed the Si wafer of the comparative example not 
formed with the tess-defective layer, the points where 
the buried oxide film was etched with diametrical sizes 
of about 1 00 um were found at a density of 3.2/cm 2 .This 
comes from the fact that COPs involved in the Si wafer 
ot the comparative example not having undergone the 
hydrogen annealing were succeeded to by the SOI lay- 
er, and that the HF solution into the SOI layer through 
the positions of the COPs to etch the buried oxide film. 
Silicon does not exist at the etched points, and a semi- 
conductor device produced becomes a defective unit. 
[0395] Further, after the defects were actualized by 
the Secco etching, the SOI substrates were observed 
with the optical microscope. Then, in the SOI substrate 
which employed the Si wafer subjected to the hydrogen 
annealing, the density of etch pits being the defects such 
as FPDs. COPs and OSFs was 102/cm 2 . On the other 
hand in the SOI substrate which employed the Si wafer 
of the comparative example not subjected to the hydro- 
gen annealing, the density of etch pits was IG^/cm 2 
[0396] As thus far described, according to the embod- 
iments of the present invention, a layer in which COPs 
etc have been lessened by heat-treating a wafer in an 
atmosphere containing hydrogen can be transferred to 
another substrate by separating a bonded substrate 
structure (of the wafer and the substrate) through an ion- 
implanled layer. Defects inherent in bulk Si as explained 
before can be excluded or lessened in the SOI layer of 
an SOI substrate by the annealing in the reducing at- 
mosphere containing hydrogen, so that the available 
percentage of a semiconductor device can be en- 
hanced 

[0397] Besides, uniformity in the thickness of the SOI 
layer can be enhanced in such a way that the separation 
layer is formed by implanting ions into the less-defective 
layer 

[0398] Moieover, according to the embodiments of 
the present invention, even in case of producing a lar ge- 
scale integrated circuit of SOI structure, it is possible to 
propose a process for manufacturing a semiconductor 
substrate which can substitute for an expensive SOS or 
SIMOX. 

[0399] Furthermore, according to the embodiments of 
the present invention, even in case of batching a plural- 
ity of semiconductor substrate members each of which 
has a single-crystal silicon film at its surface, silicon can 
be etched while the quantity of removal of the thickness 



of the single-crystal silicon is being controlled. There- 
fore, when such an operation is applied to SOI sub- 
strates, it is simultaneously realized to flatten the sur- 
face of each single-crystal silicon film, to lower the boron 
5 concentration thereof and to etch the silicon thereof, 
with the uniformity of the film thickness kept- 
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Claims 

1. A process for manufacturing a semiconductor sub- 
strate, comprising: 

the step of preparing a first substrate which has 
a surface layer portion subjected to hydrogen 
annealing; 

the separation-layer formation step of implant- 
ing ions of at least one element selected from 
the group consisting of hydrogen, nitrogen and 
rare gases, into said first substrate from the 
side of said surface layer portion, thereby to 
form a separation layer; 

the bonding step of bonding said first substrate 
and a second substrate to each other so that 
said surface layer portion may lie inside, there- 
by to form a multilayer structure; and 
the transfer step of separating said multilayer 
structure at said separation layer, thereby to 
transfer at least part of said surface layer por- 
tion onto said second substrate. 

2. A process for manufacturing a semiconductor sub- 
strate as defined in Claim 1, wherein the hydrogen 
annealing is heat-treating a single-crystal silicon 
substrate in a reducing atmosphere which contains 
hydrogen. 

3. A process for manufacturing a semiconductor sub- 
strate as defined in Claim 2, wherein said single- 
crystal silicon substrate is a CZ silicon wafer. 

4. A process for manufacturing a semiconductor sub- 
strate as defined in Claim 2, wherein said single- 
crystal silicon substrate is an MCZ silicon water. 

5. A process for manufacturing a semiconductor sub- 
strate as defined in Claim 2, wherein said surface 
layer portion is a less-defective layer in which the 
number of COPs (Crystal Originated Particles), 
FPDs (Flow Pattern Defects) or OSFs (Oxidation In- 
duced Stacking Faults) in a single-crystal silicon 
substrate is smaller than in any other region of the 
same substrate. 



55 6. A process for manufacturing a semiconductor sub- 
strate as defined in Claim 2, wherein the hydrogen 
annealing is performed at a temperature between 
800°C and the melting temperature of said first sub- 
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strate inclusive. 

7. A process for manufacturing a semiconductor sub- 
strate as defined in Claim 2. wherein the hydrogen 
annealing is performed at a temperature between 
900*0 and 1350°C inclusive 

8. A process for manufacturing a semiconductor sub- 
strate as defined in Claim 1 . wherein the density of 
COPs involved in said surface layer portion is be- 
tween 07cm 3 and 5 x l0 6 /cm 3 inclusive. 

9. A process for manufacturing a semiconductor sub- 
strate as defined in Claim 1 wherein the density of 
COPs involved m said surface layer portion is be- 
tween 0/cm 3 and 1 x 10* /cm 3 ncljsive 

10. A process for manulacturmq a semiconductor sub- 
strate as defined in Clairr i wherein the density of 
COPs involved in sa«J surface layer portion is be- 
tween 0/cm 3 and i x 10'- crrH t hJjwc 

11. A process for manulrtctumq n semiconductor sub- 
strate as defined in ary ct Ciim^ r to 10 wherein 
said density of COP: io the n^mba of COPs per 
unit volume {1 cm-'j * ro:j«o^ of a depth which 
extends from the ouiormost sur',*c e o' s-md surlace 
layer portion to said scparrtton layo* 

12. A process lor maniil^ctuf r^q a vr*r**-orKkjOtor sub- 

stratc as defined in CUim 1 *n?re«M mo number of 
COPs per unit water m n surface or said s jrlacc lay- 
er portion is between 0 and f*X njiusrvc 

13. A process for manufactures a semconductor sub- 
strate as defined in Claim i wti?fw the number of 
COPs per unit water m a surface of said s jrface lay- 
er portion is between o and 100 nnusrve 

14. A process for manulacturmq a semiconductor sub- 
strate as defined in Claim i wheren the number of 
COPs per unit waler in a surface of sard s jrlace lay- 
er portion is between 0 and 10 nc usvc 

15. A process tor manufacturing a semiconductor sub- 
strate as defined in Claim 1 wherem the number ot 
COPs per unit area in a surlace of said su'tace layer 
portion is between O^cnt^ and 1 6/crn 2 inclusive 

16. A process for manufacturing a semiconductor sub- 
strate as defined in Claim 1 . wherein the number of 
COPs per unit area in a surface of said surface layer 
portion is between 0/cm- and 0 5/cnrv inclusive 

17. A process for manufacturing a semiconductor sub- 
strate as defined in Claim 1 . wherein the number of 
COPs per unit area in a surface of said surface layer 
portion is between 0/cm 2 and 0 05/cm 2 inclusive 



18. A process for manufacturing a semiconductor sub- 
strate as defined in Claim 1 , wherein the number of 
OSFs per unit area in a surface of said surface layer 
portion is between 0/cm 2 and 10/cm 2 inclusive. 

5 

19. A process for manufacturing a semiconductor sub- 
strate as defined in Claim 1 , wherein the number of 
FPDs per unit area in a surface of said surface layer 
portion is between 0/cm 2 and 5 x 10 2 /cm 2 inclusive, 

to and more preferably between 0/cm 2 and 1 x 10 2 / 
cm 2 inclusive. 

20. A process for manufacturing a semiconductor sub- 
strate as defined in Claim 1, wherein an oxygen 

is concentration in a surface of said surface layer por- 
tion is below 5 x 10 17 atoms/cm 3 . 

21. A process for manufacturing a semiconductor sub- 
strate as defined in Claim 5, wherein said separa- 

20 tion layer is formed within said less-defective layer. 

22. A process for manufacturing a semiconductor sub- 
strate as defined in Claim 1, wherein said separa- 
tion-layer formation step is performed with an im- 

2S plantation dose ranging from 1.0X1 0 16 /cm 2 to 2.0 
x 10 17 /cm 2 inclusive. 

23. A process for manufacturing a semiconductor sub- 
strate as defined in Claim 1 , wherein said separa- 

30 tion layer is a crowd of microbubbles 

24. A process for manufacturing a semiconductor sub- 
strate as defined in Claim 1, wherein said separa- 
tion-layer formation step is performed by plasma ion 

35 implantation. 

25. A process for manufacturing a semiconductor sub- 
strate as defined in Claim 1, wherein said separa- 
tion-layer formation step is performed by ion im- 

•*o plantation which is done after an insulator layer has 
been formed on said surface layer portion. 

26. A process for manufacturing a semiconductor sub- 
strate as defined in Claim 1, wherein said bonding 

•*s step is performed by interposing an insulator layer 
between said first substrate and said second sub- 
strate. 

27. A process for manufacturing a semiconductor sub- 
so strate as defined in either of Claims 25 and 26, 

wherein said insulator layer is a thermal oxidation 
film which is formed by thermally oxidizing a surface 
of said surface layer portion. 

55 28. A process for manufacturing a semiconductor sub- 
strate as defined in Claim 1, wherein said second 
substrate is a member selected from the group con- 
sisting of a single-crystal silicon substrate, a quartz 



32 



63 



EP0 961 312 A2 



64 



substrate, a glass substrate and a compound sem- 
iconductor substrate. 

29. A process for manufacturing a semiconductor sub- 
strate as defined in Claim 1, wherein said bonding 
step is performed by a processing step which in- 
cludes a heat treatment at a temperature between 
a room temperature and 400°C inclusive. 

30. A process for manufacturing a semiconductor sub- 
strate as defined in Claim 1 , wherein said transfer 
step is performed by separating said multilayer 
structure within said separation layer, at an inter- 
face between said separation layer and said sur- 
face layer portion, at an interlace between said sep- 
aration layer and said tirst substrate, or by a com- 
bination of at least two of them. 

31. A process for manufacturing a semiconductor sub- 
strate as defined in Claim 1, wherein said transfer 
step is performed by heat-treating said multilayer 
structure at a temperature between 400°C and 
1000°C inclusive. 

32. A process for manufacturing a semiconductor sub- 
strate as defined in Claim 1, wherein said transfer 
step is performed by heat-treating said multilayer 
structure at a temperature between 400°C and 
600?C inclusive 

33. A process for manufacturing a semiconductor sub- 
strate as defined in Claim 1. wherein said transfer 
step is performed by spraying a fluid against a side 
surface of said multilayer structure. 

34. A process for manufacturing a semiconductor sub- 
strate as defined in Claim 33 : wherein said fluid is 
a member selected from the group consisting of wa- 
ter, air, nitrogen gas, carbonic acid gas and rare 
gases. 

35. A process for manufacturing a semiconductor sub- 
strate as defined in Claim 1, wherein said transfer 
step is performed by applying either of a tensile 
force and a shearing force to said multilayer struc- 
ture. 

36. A process for manufacturing a semiconductor sub- 
strate as defined in Claim 1 , further comprising the 
step of removing said separation layer which re- 
mains on said surface layer portion overlying said 
second substrate, after said transfer step. 

37. A process for manufacturing a semiconductor sub- 
strate as defined in Claim 36, wherein said step of 
removing said separation layer is performed by a 
heat treatment which is done in a reducing atmos- 
phere containing hydrogen. 



38. A process for manufacturing a semiconductor sub- 
strate as defined in Claim 36, wherein said step of 
removing said separation layer is the etching step 
of immersing said separation layer in a member se- 

5 iected from the group consisting of hydrofluoric ac- 
id, a mixed solution in which at least either of alcohol 
and hydrogen peroxide is added to hydrofluoric ac- 
id, buffered hydrofluoric acid, and a mixed solution 
in which at least either of alcohol and hydrogen per- 

io oxide is added to buffered fluoric acid : whereby said 
separation layer is selectively subjected to electro- 
less wet chemical etching and is removed. 

39. A process for manufacturing a semiconductor sub- 
is strate as defined in Claim 36, wherein said step of 

removing said separation layer is performed by pol- 
ishing said separation layer which remains on said 
second substrate. 

20 40. A process for manufacturing a semiconductor sub- 
strate as defined in Claim 36, wherein said step of 
removing said separation layer is performed by 
chemimechanical polishing. 

25 . 41 . A process for manufacturing a semiconductor sub- 
strate as defined in any of Claims 38, 39 and 40, 
wherein after said step of removing said separation 
layer remaining on said second substrate by the 
polishing or the etching, said surface layer portion 

30 of said first substrate transferred on said second 
substrate is heat-treated in a reducing atmosphere 
containing hydrogen. 

42. A process for manufacturing a semiconductor sub- 
35 strate as defined in Claim 1, wherein said surface 

layer portion of said first substrate transferred on 
said second substrate has the tendency that the 
number of COPs per unit wafer decreases with a 
depth of said surface layer portion as measured 
40 from an outside surface thereof. 

43. A process for manufacturing a semiconductor sub- 
strate as defined in Claim 1, further comprising the 
step of heat-treating said surface layer portion of 

45 said first substrate transferred on said second sub- 
strate, in a reducing atmosphere containing hydro- 
gen, after said transfer step. 

44. A process for manufacturing a semiconductor sub- 
50 strate as defined in Claim 43, wherein the heat treat- 
ment is performed at a temperature between 800°C 
and the melting temperature of said first substrate 
inclusive. 

55 45. a process for manufacturing a semiconductor sub- 
strate as defined in Claim 43, wherein the heat treat- 
ment is performed at.a temperature between 900°C 
and 1 350° C inclusive. 
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46. A process for manufacturing a semiconductor sub- 
strate as defined in either of Claims 37 and 43, 
wherein the heat treatment is performed by arrang- 
ing a surface of said surface layer portion of said 
first substrate transferred on said second substrate, 
in opposition to silicon oxide. 

47. A process for manufacturing a semiconductor sub- 
strate as defined in either of Claims 1 and 43, 
wherein after said transfer step, the number of 
COPs involved per unit wafer in a surface of said 
surface layer portion is between 0 and 100 inclu- 
sive. 

48. A process for manufacturing a semiconductor sub- 
strate as defined in either of Claims 1 and 43, 
wherein after said transfer step, the number of 
COPs involved per unit wafer in a surface of said 
surface layer portion is between 0 and 1 0 inclusive. 

49. A process for manufacturing a semiconductor sub- 
strate as defined in either of Claims 1 and 43, 
wherein after said transfer step, the number of 
COPs involved per unit area in a surface of said sur- 
face layer portion is between 0/cm 2 and 0.5/cm 2 in- 
clusive. 

50. A process for manufacturing a semiconductor sub- 
strate as defined in either of Claims 1 and 43, 
wherein after said transfer step, the number of 
COPs involved per unit area in a surface of said sur- 
face layer portion is between 0/cm 2 and 0.05/cm 2 
inclusive. 

51. A process for manufacturing a semiconductor sub- 
strate, comprising: 

the step of preparing a first silicon substrate 
which has a surface layer portion subjected to 
hydrogen annealing; 

the separation -layer formation step of implant- 
ing ions of at least one element selected from 
the group consisting of hydrogen, nitrogen and 
rare gases, into said first silicon substrate from 
the side of said surface layer portion, thereby 
to form a separation layer: 
the step of bonding said first substrate and a 
second substrate to each other, thereby to form 
a multilayer structure; 

the step of heat-treating the first and second 
substrates at a first temperature while said mul- 
tilayer structure is being formed or after said 
multilayer structure has been formed; 
the transfer step of separating said multilayer 
structure by utilizing said separation layer, 
thereby to transfer at least part of said surface 
layer portion onto said second substrate; and 
the step of heat-treating said surface layer por- 



tion transferred on said second substrate, at a 
second heat-treating temperature which is 
higher than the first heat-treating temperature. 

5 52. A process for manufacturing a semiconductor sub- 
strate as defined in Claim 51 , wherein the first heat- 
treating temperature is between a room tempera- 
ture and 500°C inclusive, while the second heat- 
treating temperature is between 800° C and the 

io melting temperature of silicon inclusive. 

53. A process for manufacturing a semiconductor thin 
film, comprising: 

is the step of preparing a first silicon substrate 

which has a surface layer portion subjected to 
hydrogen annealing: 

the separation-layer formation step of implant- 
ing ions of at least one element selected from 
20 the group consisting of hydrogen, nitrogen and 

rare gases, into said first silicon substrate from 
the side of said surface layer portion, thereby 
to form a separation layer; and 
the separation step of separating at least part 
25 of said surface layer portion at said separation 

layer. 

54. A process for manufacturing a semiconductor thin 
film as defined in Claim 53, wherein the hydrogen 

30 annealing is heat-treating said surface layer portion 
in a reducing atmosphere which contains hydrogen. 

55. A process for manufacturing a semiconductor thin 
film as defined in Claim 54, wherein the heat treat- 

35 ment is performed within a temperature range of 
800°C to the melting temperature of silicon inclu- 
sive. 

56. A process for manufacturing a semiconductor thin 
40 film as defined in Claim 53, wherein after said sep- 
aration step, the number of COPs involved per unit 
wafer in a surface of said surface layer portion is 
between 0 and 100 inclusive. 

45 57. a process for manufacturing a semiconductor thin 
film as defined in Claim 53, wherein after said sep- 
aration step, the number of COPs involved per unit 
wafer in a surface of said surface layer portion is 
between 0 and 10 inclusive. 

so 

58. A process for manufacturing a semiconductor thin 
film as defined in Claim 53, wherein after said sep- 
aration stop, the number of COPs involved per unit 
area in a surface of said surface layer portion is be- 

55 tween 0/cm 2 and 0.5/cm 2 inclusive. 

59. A process for manufacturing a semiconductor thin 
film as defined in Claim 53, wherein after said sep- 
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aration step, the number of COPs involved per unit 
area in a surface of said surface layer portion is be- 
tween 07cm 2 and 0.05/cm 2 inclusive. 

60. A process for manufacturing a semiconductor sub- s 
strate, comprising: 

the step of heat-treating a silicon substrate in a 
reducing atmosphere which contain hydrogen; 
the separation-layer formation step of implant- to 
ing ions of at least one element selected from 
the group consisting of hydrogen, nitrogen and 
rare gases, into said silicon substrate from the 
side of said surface layer portion, thereby to 
form a separation layer: * is 
the bonding step of bonding~said silicon sub- 
strate and a second substrate to each other, 
thereby to form a multilayer structure; and 
the transfer step of separating said multilayer 
slruclure al said separation layer, thereby to 
transfer at least part of said surface layer por- 
tion onto said second substrate. 

61. In a multilayer structure wherein a first silicon sub- 
strate and a second substrate arc bonded to each 25 
other, the first silicon substrate including therein a 
separation layer which has been formed by implant- 
ingtons of at least one element selected from the 
group consisting of hydrogen nitrogen and rare 
gases: 30 

-* a multilayer structure wherein said first silicon 
substrate includes in its surface a surface layer por- 
tion which has been formed by hydrogen annealing. 

62. A process for manufacturing a semiconductor de- 35 
vice including: 

manufacturing a semiconductor substrate ac- 
cording to a process according to any one of 
Claims 1 to 52; and 40 
forming a semiconductor structure on the sub- 
strate. 
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FIG. 16 

TEMPERATURE-DEPENDENCE OF ETCHING RATE 
DEPENDENT UPON MATERIAL OF OPPOSING SURFACE 
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